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P-ROCEEDI-NGS
(8:19 a.m)
CHAlI RVAN VOSTAL: Good norning. | wonder if
we coul d get started this norning. Hello, ny nane is
Jaro Vostal, and | welcone you to the Wrkshop on
Pl asticizers, Scientific lssues and Bl ood St or age and
Collection. Wearerunningalittle behindtinethis
morning. We are waiting for Dr. Zoon. Hopefully, she
wi || showup, and when she does showup, we wi I | have her
give her introductory speech at the first break.
| am glad you are all here to help us
di scuss these i ssues. They are two very i nportant issues
to FDA and CBER. There are a nunber of issues that
concern DEHP; however, today, we are only going to
concern ourselves with theissues that arise frombl ood
col |l ection and storage. And because we are short on
time, | think we better get started. | would like to
i ntroduce Dr. Mondoro. She will be the noderator for the
first session.
DR. MONDORO. Good morning. M nane is
Traci Heath Mondoro, and | will be chairing the first
session, whichisentitledPlastic Bl ood Bags. | have
one announcenent to make before we get the session
started. |f you would make sure that you pick up two

suppl enment packets that are out onthe table. These are
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sonme nore abstracts and bi ographi es that can be put in
your folders. There are, likel said, two packets that
ar e paper-clipped, andthey are out onthetablesinthe
| obby.

The first session, the nane pretty nmuch says
it all, Plastic Bl ood Bags. Qur first speaker is Dr. Paul
Ness. He is the Director of Transfusion Medicine
Di vi si on at Johns Hopki ns, and he is going to give a
hi storical perspective and overview. As heis com ng up,
| would alsoliketoremndyouthat today's neetingis
being transcribed. So that if you do conme to the
m crophone to ask questi ons, we ask that you state your
nane and your affiliation, sothat it will be part of our
public record. Thank you.

DR. NESS: Good norning. It is niceto be
here al though | had a | ot of second t houghts after
agreed to give this talk. | guess | have reached the
point in ny career where | amasked to do a historical
introductionrather thantryingto present anything |
really did nmyself. But as you will see as | give ny
remarks, this has been sonmething that | have been
interested andinvolvedinfor quite sonetinme. Sol am
actually very happy to be here.

When | started trying to do the idea of

doi ng a historical introduction about DEHP and bl ood

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

7

bags, | | ooked back i nto sone of the nedical literature
for sort of reviews of thistopic. Becauseif youl ook
inthe current bl ood bag text, youwon't find very nmuch
in terns of the issue of phthalates in blood bags.
Peopl e seemto t hi nk that the probl emhas gone away and
it no longer really needs to be discussed.

So | picked up this book. It is a book

called The Red Blood Cell, which was edited by Dr.

Dougl as Surgenor, and | will readto you a section from
it briefly in what was called "The Historical
I ntroduction.™ It says, "It is necessary to incorporate
a plasticizer with polyvinyl chl ori de pol ynmer to provide
the flexibility, toughness, ease of sealing and
mani pul ati ve qualities neededin a bl ood bag. The added
pl astici zers have been i n the pht hal at e group wi t h DEHP
a common choi ce. Adverse findi ngs whi ch denonstrat e t hat
significant quantities of phthal ates | each out fromthe
mat eri al of the bag have directed a search for other
materials for bag fabrication. There have been many
alarm ng reports that phthalates can mgrate from
pol yvinyl chl ori de bl ood bags into stored bl ood and
|l ocalize in human tissues. The ability of man to
met abol i ze pht hal at es remai ns uncl ear, and t he overal |
bi ol ogi c i npact of the phthal ate plasticizer is still

unresol ved. Acute effects of phthal at es have not been

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

8

clearly denonstrated, but potential teratogenic and ot her
| ong-range toxic effects are of great concern.”

Thi s was publishedinthe early 1970's, and
| thought it was avery well witten statenment nowand
actually at thetime, because |l actually woteit. This
isthefirst thing |l ever wote as a person who cane to
t hi s canpus and wor ked i n what i s nowthe National Heart,
Lung and Bl ood Program And | think youw || see that we
haven't actually noved that far beyond that
unfortunately.

So in reviewing sort of the real early
hi story, | think nost of usinthis audience are anare - -
t here may be a f ew peopl e who don't knowt hat nmuch about
bl ood bags, but just to cover them Theearly historyis
t hat vinyl plastic bags were i ntroduced soneti ne around
1950. Walter is given credit for that. It was shown
t hat the survival of redcells storedinthese bags was
actual |y i nproved conpared to gl ass bottles. And we al |
have seen t hat there are nmaj or advantages i n col |l ecti on,
processi ng, storage and di spensi ng of bl ood conponents,
particularly in platelet concentrates as a result.

An ol d friend here for sonme of us -- | guess
| was inthe field|ong before we were using this, but
sone of you out there nmay renenber t hese nore fondly, and

obvi ously we have nownoved to t his type of arrangenent
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wi th plastic bags, different plasticstofacilitate, for
i nstance, platelet storage as opposed to red cell
storage, andit really has al |l owed us t o nake a nunber of
di fferent bl ood conponents fromwhol e bl ood. It has
allowed us tofacilitate aphoresis collectionfor various
bl ood conponents, stemcell col |l ections and a whol e host
of other kinds of nedical things that have nade
transfusion nedicine a very grow ng discipline.
Again, toreview, unfortunately though a
pl astici zer needs to be i ncorporated. So that for the
bl ood to be pliable, vinyl plastic containers requirethe
addi tion of a plasticizer at levels of upto 20 to 30
percent of the final weight. And DEHP, di(2-
et hyl hexyl ) pht hal ate, i s a cormon choi ce for nost of the
nmedi cal plastics. DEHPis not chem cally bound, but is
di ssol ved physically in the plastic film Initial
st udi es when t hese bags cane out inpliedthat there were
trace anounts of these material s which went into the bags
when they were filled with anti coagul ants. These initi al
results seemto be reassuring, but [ ater other results
came out which were a little bit nore al arm ng.
Thisisaslidethat actually | was ableto
borrowfromBob Rubi n, which shows sone of the origi nal
wor k that he and a graduate student, Rudy Jaeger, at

Johns Hopki ns di d a nunber of years ago. He was | ooki ng,
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actual ly, at anisol ated chanber toisolatelivers and do
prof usi ons of the |livers and usi ng a chromat ogr aphi c
t echni que when he found what he called in one of the
pr of usi on studi es an uni denti fi ed conmpound conparedto
t hese ot her peaks that had easily beenidentified. To
hear Bob tell the story, which is always a very
entertaining event, this unidentified conpound had been
obtained froma profused rat or nouse liver, so the
anmount of bl ood i n whichto do biochem stry onthis was
very, very small. And biochem stry then is not what
bi ochem stry is now. In any event, he decided that it
woul d probably be a good ideato try to scale up this
appar at us so that they coul d get enough of this materi al
to actually anal yze and find out what it was. So they
went into a nore nmacro systemand actual |y cane over to
t he Hopki ns bl ood bank, because he said, well, we have a
| ot of outdated bl ood there and we coul d use t he out dat ed
bl ood t o profuse the system Accordingto Bob, these are
actually some of the first bags that they borrowed or
took fromt he Hopki ns bl ood bank as outdated blood to
study. And when they did these experinentsinalarger
system Rudy Jaeger apparently came to Bob and sai d,
well, 1 have good news and bad news. |In the |arger
system | certainly can findthe conpound whi ch you were

interested in, that conpound X. Unfortunately, it is
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al sothereinheavy quantitiesinthe starting materi al.

Thi s t hen obvi ously becane, after about a
year of biochemstry, identifiedas DEHP, and Jaeger and
Rubin reported initially inLancet and | ater on i nThe

New Engl and Journal in the 1970's about cont am nati on of

stored bl ood with DEHP at | evel s of 50to 70 mi | | i grams
per deciliter. It was alsoshowninthislater article
that it m grated substantially during storage, sothat
the mgrationrate they cal cul ated was 2.5 ng/liter of
bl ood for 24 hours of storage, such that one coul d get a
possi bl e dose i n a bag of bl ood of al nost 300 ng or about
5 nmg per kil ogramfor an adult and even hi gher dose for
a child, and these doses, as you will hear | ater, had
been attri buted or suggested that they may have sone
toxicity in sone of the ani mal npdels.

Bob went onto work with Charlie Schiffer
doi ng sone actual neasurenents in platel et transfusion

recipients, and they reported i nTransfusionin 1976 t hat

when platelet transfusion recipients were getting
pl atel ets, they actual | y had an i ntravenous i nj ecti on of
26 to 62 ng of DEHP in the platelet recipients.

Thi s, for those of you who haven't nmet him
i's Bob Rubin at a younger day. He is actually in the
audi ence today, and | amsure that we wi || be bl essed by

sone of his comments as t he day goes on. H s observati ons
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that | have talked to you have since obvi ously been
confirnmed by many | aboratori es around the country. Wat
added, unfortunately, to sone confusi on about what was
the rol e of DEHP i n bl ood bags, however, were reports of
wi despread envi ronnment al contam nation wi th DEHP. So how
to pl ace thi s transfusi on probl emi nto perspective becane
a difficult endeavor.

One of the things that happened in the
1970's and how !l sort of got involvedalittle bit was
t hat a nunber of studi es were actual | y funded by what was
call ed the National Blood Resource Programon this
canpus, and nowit is part of -- it was part of what was
then the Heart Institute, then the Heart and Lung
I nstitute, and nowthe Heart, Lung and Bl ood I nstitute.
But t hese studi es were actual |y funded by NHLBI, whi ch
had sone i ndustrial studies, sone studies by themlitary
and studi es by the private sector. Mny of these have
been reviewed in an international forum which was

published in Vox Sanguinis in 1978.

Obviously | don't have tine to go through
that whole review, but you can see that there were
various flavors of sort of reports that came out at that
time. The industry studi es showed t hat when t hey | ooked
at tissue residues in transfused recipients, those

studi es were essentially negative. They showed t hat

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

13

pl at el et storage di d not appear to be effected. They
didn't showany i ncreased particul ates i n bags stored
wi t h DEHP, and t hey enphasi zed t he i nportance of nmaki ng
t he DEHP a sol uti on rat her than an emnul si on, whi ch sort
of cl ouded sone of the studi es about the vehicl e in which
DEHP was adm ni stered to | aboratory ani mal s.

The m litary published sone excretion and
met abol i smstudi es and gave the i nplication that since
t hese seemto berelatively rapidly netabolized, they
woul d not be likely to cause a probl emfor nost human
recipients. On the other hand, there was a very
intriguing report by Dr. Sherwin Kevy from Boston
Chi l dren' s Hospi tal, where he used a nonkey experi nent
and these nonkeys were given chronic platelet
t ransf usi ons on a schedul e whi ch was not very different
fromwhat human recipi ents coul d be gi ven, and showed
di rect evidence of hepatotoxicity inthe nonkeys who were
bei ng transfused with pl at el ets whi ch had been stored in
t he DEHP-cont ai ni ng cont ai ner.

So there were studies that inplied not nmuch probl em
maybe a problem andit wasn't exactly cl ear where to go
from here.

Vel |, at this point inny career, | cane on
t o Johns Hopki ns and actual | y had t he opportunity to neet

and actually work with Bob Rubin directly. This was
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sonet hing that turned out to be alot of fun and very
intriguing internms of this issue. Wwen | first got
t here, Bob and | worked wi th a graduat e student, who was
going for a Ph.D. thesis, and he had sone prelimnary --
t hey had sone evi dence t hat when rats were gi ven DEHP-
cont ai ni ng i nfusi ons, they devel oped a DI C-type picture
with fibrinogen activation and the generation of fibrin-
split products.

So we decided to do sonme studies that
conpar ed bl ood whi ch was stored i n bl ood bags versus
bl ood whi ch was storedin glass bottles at thetine. W
had sone very interesting results. Wen we | ooked at
whol e bl ood, inthe bottles there were no evi dence of any
fibrin-split product generation or no fibrinogen
activation. Wereas inthe plastic bags, we did have
fibrin-split products by clinical assay and evi dence of
fibrinogen activation. Wealsotriedto nake platelets
and pl asma and store themin gl ass bottles or plastic
bags. Pl atelets obviously storedinaglass bottle were
difficult. But we again found that fibrin-split products
were found in bl ood stored inthe plastic bags, and there
were higher titers that were actually found in the
pl atel ets thaninthe native plasma, inplyingthat cells
i nthe medi umhad sone additive effect interns of the

| eaching or fibrinogen degradation.
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We concluded in an abstract that we
publ i shed at that tine that bl ood storedin plastic bags
incurrent useis not maintainedinits native state. W
actually presented these results at the AABB. W
presented simlar results at the Anerican Heart
Associ ationin atoxicol ogy nmeeti ng, but were never abl e
to get thempublishedin apeer reviewjournal. These
resul ts sort of intrigued us and nade us concer ned t hat
perhaps -- or at |east nme concerned that perhaps
reci pients of massive transfusi ons, where they have
al ready been known to have a DI G| i ke pi cture somneti nes,
or peopl e who had massi ve transf usi ons and had pul nonary
failure, the so-call ed ARDS syndrone after a transfusion,
t hat perhaps t he DEHP st or age nedi a was havi ng sone sort
of effect.

And | worried about thisalittlebit, but
not too many ot her people worried about it too nuch.
Everybody, at this point, started worrying about
sonet hi ng el se, whi ch was the H V epidem c, and | think
t hat the sort of plasticizer i ssue sort of went away f or
a nunber of years. It actually went away, at | east for
me, for a nunber of years until thelate 1980's, when Bob
call ed agai n and said that Jeff McCQul | ough, the editor of

Tr ansf usi on had asked hi mtowite arevi ewon t he st at us

of bl ood bags. And that since he hadn't been t hat nuch
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i nvol ved i n t he use of bl ood bags for a nunber of years,
would | be willing to wite or help himwite this
article.

So we wote an articl e whi ch was publ i shed

inTransfusioncalled"Wat Price Progress”, and what we

showed i s results that | amsure many of you are al ready
aware of . We showed or reported that there was a | ow,
acutetoxicity for DEHP. But we did say that there were
pul monary reactions in ani mal nodel s t hat wer e sonmewhat
troubling. W quoted a nunber of papers fromaround t he
wor | d showi ng suggesti ve evi dence of chronic effects,
includinginfertility, teratogenicy, carcinogenicity,
hepat ot oxi city, and cardiotoxicity. W, onthe other
hand, acknowl edged t hat even t hough t hese effects m ght
be del eterious, it was cl ear that DEHP had since been
shown to have sone benefits, actually, for red cell
storage. It seenedto enhance red cell storage, which I
amsure Dr. AuBuchon wi || tal k about inthe next talk.
And in the conversation or inthe article, we tal ked
about further di scussion and per haps new sol uti ons t hat
m ght be avail abl e.

Soon thereafter, a plasticizer or aplastic
bag systemwas rel eased by the Baxter conpany call ed
PL2209, which was a pl asti c storage systemwi t hout DEHP

introduced in the early 1990's. Now | amsure the
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i medi at e assunpti on of anybody who read our paper was
t hat we were being paidin sonme way by Baxter and were
awar e of this devel opnent and we were just witingthis
at that tineto pronote thisrel ease of this newbl ood
bag system And | cantell you that nothing was further
fromthe truth and that when we wote this paper, we
di dn't knowanyt hing at all that i ndustry was actual |y

wor ki ng on a bl ood bag substitute that di d not have DEHP.

| thinkit isfair tosay, though, that even
with our article, which we thought expressed appropriate
concerns, there seenedtobelittleenthusiasm | think
| have used the termsort of collectiveinertia generated
by transfusi on servi ces, perhaps because cl ear-cut human
toxicity had not been identified and w despread
accept ance was, at that tine, inhibited by hi gher costs.
These systens were i ntroduced i nto a nunber of bl ood bags
but have si nce been actual |y wi t hdrawn fromsone of t hem
or many of them because of the higher cost of
i npl ement ati on.

Well, I think it wuld serve as a good
sunmmary for this sort of historical introductionto sort
of read the final paragraph of what we sai d i n our "Wat
Price Progress”, because |l thinkit is actually ki nd of

aninteresting summary, particularly for this neeting
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t oday. What we said was on the basis of the avail abl e
data, we believe t hat DEHP probl ens shoul d be addr essed
in the follow ng ways. Because nuch of the data
suggesti ng toxi c effects of plasticizers renmai n unknown
t o physi ci ans and their patients, we woul d suggest t hat
t hese data and the resulting i ssues be presented and
di scussed at a forumsuch as an Nl Hconsensus devel opnent
conference. W woul d anticipatethat this type of public
exposure wouldresult inacall for noreresearchinthis
area wi t h enphasi s upon the clinical study of multiply
transfused reci pientsto determneif any evi dence of
toxicity can be foundin humans. Another focus of this
t ype of nmeeti ng woul d be t he consi derati on of the status
of bl ood col |l ecti on systens wi t hout DEHP. The practi cal
and regul atory i ssues t hat woul d confront any new bl ood
bag systemcoul d be addressed, and the |ikelihood of
substitute systens becomng avail able inthe near future
coul d be presented.

Whi | e we proposed this neeting actuallyin
1989, it is now 1999, and | guess we are just 10 years
too late. But hopefully it is never too |late, and
personally amvery pl eased that we are now having a
nmeeting to sort of discuss theseissues and cone to grips
wi t h what t he appropri ate cause or causes and cour ses

ought to be. Thank you very nuch.
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DR. MONDORO. Thank you, Dr. Ness, for that
overvi ew and i ntroducti on. Nowwe are going to get a
little bit nore specific. Qur next speaker is Dr. Janes
AuBuchon. He is the Medical Director of the Bl ood Bank
and Transfusi on Servi ce and prof essor of pathol ogy and
medi ci ne at Dartmout h-Hi tchcock Medical Center.

DR. AUBUCHON: Good nmorning. If I could
have the first slide, please? | too appreciate the
opportunity to speak before youtoday. It was funto go
t hr ough sone ol d data and sone ol d reports, which frankly
many of which | had forgotten about, toreturnagainto
the i ssue of what does this plasticizer do with red
cells.

Dependi ng on your point of view, thisis
either the villain of the story or the hero. Its
characteristics certainly have not changed in the | ast
two or three decades. W knowthat this plasticizeris
not covalently bound within the polyvinylchloride
plastic, and it can indeed |each out. And this
i nformati on, as Paul revi ewed, has been well known inthe
literature for a nunber of years. Thisis not -- this
conpound, obviously, isprimarily |ipophilic and does not
di ssolve very well incrystalloidsolutions. But if you
put protein or |lipoproteins or perfectly plasma in

contact with pol yvinyl chl oride containing DEHP, this
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conmpound wi Il very rapidly appear in the blood or the
pr of usat e.

The anpunt that accunul at es over storage
vari es dependi ng on howyou assay it and exactly howt he
bl ood i s stored and what bl ood conponent i s bei ng stored,
but certainly a neasurabl e ambunt does occur in bl ood
duri ng nornmal bl ood bank storage. The majority of DEHP
appears in plasm, probably inassociationwth al bum n
or |i poprotein, but somewhere between 5 and 10 per cent
does end up being associated wth thered cells. And
this redcell take-up of DEHP occurs quite quickly. Gail
Rock was able to show that within mnutes, a | arge
proportion of the avail abl e DEHP coul d be found attached
toredcells and approxi mat el y equal proportions of that
DEHP were found in the red cel |l nenbrane and the red cel |
cytosol .

Of course, whenthe DEHP i s transfused, it
can be nmeasured, as was just nentioned, and we wil |
probabl y be heari ng nore about t hat today -- exactly what
happens to DEHP and what it causes on its way to
met abol i sm and di sappear ance.

The studi es that were nenti oned fr omBost on
Children's indeed attracted a |l ot of attentioninthe
bl ood banki ng wor| d because of the potential for chronic

exposur e t o DEHP havi ng sone detri mental affect to our
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patients. This was inanerawhere we were not usedto
havi ng a |l ot of public scrutiny as to what we were doi ng
in blood banking, and frankly this escaped public
scrutiny aswell. It wasn't until after the era of Al DS
t hat bl ood bankers becane very accustoned t o havi ng t he
public pay attention to everything that we did. But
bl ood bankers at this point still were concerned that the
chroni c exposure to DEHP may have a negative effect.

But on t he ot her side of the coin, there was
cl ear recognition that DEHP may be doi ng sonet hi ng good,
and I will be spending the next fewslides goingthrough
sone of the data that were avail abl e back at that tine,
inthe 1970's and early 1980's, detailing exactly what
DEHP was doing for red cells. Infact, the nore recent
report of the Blue Ri bbon Panel concluded that DEHP
inparted a vari ety of i nportant physical characteristics
that arecritical to bl ood storage, and that is i ndeed
true.

As we nentioned fromthe early tinmes of
pl astic bl ood storage, it was understood that these
pl asti c bags were at | east as good as gl ass bottles, if
not i n sonme ways better than gl ass bottles for I ong-term
storage of red blood cells. The initial studies with
pl astic bags when you | ook at them today did not

necessarily nmeet the same scientificcriteria. There
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wer e not good control groups, andto ny eye anyway, it
appears that the plastic bags of themdtoearly 1950's
were probably alittle bit better than gl ass bottlesin
storingredcells, but itisdifficult tosaythat with
a P value in any true scientific confidence.

However, there are sone data that we can
i ndeed hang our hat on and t hat suggest that PBCw th
DEHP was better than gl ass containers. For exanpl e,
after storing whol e bl ood for 21 days i n ACD and t hen
det erm ni ng at what saline concentrationtheredcells
woul d conpl etely henplyze, it appeared that the PDC
container storedredcells were noreresistant to osnotic
| ysis than those storedinaglass container. Simlarly,
t he pl asma henogl obin | evel s were found to be | ower in
t hose units of bl ood that were stored i nthe presence of
DEHP t han t hose stored in the gl ass contai ners. These
are not proof absolute that theredcells are goingto do
better after transfusion, but they certainly are
suggesti ve.

These initial concerns about the toxicity of
DEHP and initial indications that DEHP may be doi ng
sonet hi ng good for red cells pronpted a nunber of in
vitrostudies. | will reviewafewslides herefromTim
Esl ep's work fromBaxter. Baxter was obviously very

interestedindetailingexactly what DEHP was doi ng. And
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inthe studi es that his group perforned, they took CPDA-1
red cells and stored them-- either stored themnot in
contact with polyvinylchloride, either wwth the buffer
with an emulsifier or with an enulsifier that had
emul sifiedwithinit DEHP. And they | ooked at a nunber
of invitro parameters in an attenpt to determ ne what
the plasticizer my actually be doing.

They noted that when the red cells were
stored in the presence of DEHP but not i nthe presence of
t he buffer or just the emulsifier, that the norphol ogy
was better mai ntai ned t hroughout 35 days of storage, and
t hat t he pl asma henogl obin I evel did not rise nearly as
rapi dl y as when DEHP was not present. Again, this was
not due to enulsifier. It was due to the DEHP, it
appeared. And i ndeed when t hey | ooked at a nunber of
ot her conpounds, including netabolites of DEHP and
i ncl udi ng MEHP and et hyl hexanol , they were abl e t o show
t hat these netabolites singularly or inconbinationdid
not produce t he sane ef fect on nor phol ogy or henol ysi s
that the DEHP did. So it appears that the DEHP was,
i ndeed, in sone ways assistingthered cells surviving
t he storage peri od.

Interestingly, if red cells were first
stored wi t hout the presence of DEHP and t hen DEHP was

added inasolubilized formpart way t hrough t he st or age,
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t he changes t hat were ot herwi se occurring were reversed.
So here we see, for exanple, the effect of DEHP on
nmor phol ogy. This is thered cell norphol ogy when DEHP i s
present, better maintai ned than when DEHP i s absent. But
when DEHP was added after two weeks of storage w t hout
DEHP, t he nor phol ogy very qui ckly becones that of the red
cells that had been stored al ways in the presence of
DEHP. That suggested that t here was sonet hi ng physi cal
t hat t he DEHP was doi ng i nside the red cell, whi ch was
not necessarily a netabolic-driven event. Andindeed all
of the standard netabolic indices that one | ooks at
during redcell storage were just as well preservedw th
emul sifier as with DEHP. However, there was a difference
i nthe anount of m crovesicle formation duringred cell
st or age when DEHP was added. So it appeared that inthe
presence of the plasticizer, there was | ess buddi ng of f
of the nmenbrane and | ess | oss of nenbr ane duri ng st or age,
and t hat t hat may i ndeed be responsi bl e or i n sonme way
related to the preservation of norphol ogy and t he | ower
hermol ysis in the presence of this plasticizer.

Nowt he only recent study that | was ableto
find onthisissue was published earlier this year from
I ndi a | ooking at manufacturers' plastic bags that
i ncl uded DEHP conpared to gl ass bottle storage. This

study appearedto indicatethat theratio or the anount
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of chol esterol and phosphol i pi ds during t he storage was
better mai ntai ned and was nore normal, | guess you woul d
say, in the presence of DEHP than in its absence. So
al t hough the chol esterol concentration appeared to
i ncrease and t he phosphol i pi d concentrati on appeared to
i ncrease during storage, that i ncrease was not as great
in the presence of DEHP as in the storage w thout

A nunber of other groups were invol ved as
wel | fromthe New York Bl ood Center. Sone essentially
dose response studies. Wether you | ooked at pl asma
henogl obi n or osnotic fragility, that the change t hat was
seen over storage was | ess i nthe presence of DEHP. And
as you i ncrease t he anount of DEHP, t here appeared to be
nor e beneficial effect there. Sothe nore you put into
theseredcells, the nore plasticizedthey becane, if you
woul d, the happi er they appeared to be during storage.
| ndeed, hereis a dose response curve done i n parts per
m | lion show ng that the greater the concentrati on of
DEHP t o which the red cel |l s were exposed, the | ower the
hermol ysi s during storage.

This pronpted us to conduct an in vivo
study. These were all interestinginvitro phenonenon,
but didthey have any bearing to what was goingoninthe
patient. This study, actually conduct ed back when I was

afellowhere, was i nteresting toreviewagain. W took
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whol e bl ood fromnormal subjects and stored it in PVC
pl asticized with TEHTM a so-called non-I|eachable
pl asticizer paired with the sane i ndi vidual s storing
their whole blood in DEHP plasticized plastic. In
anot her armof t he study, these sane subjects just stored
t heir whol e bl ood i n gl ass or gl ass to whi ch DEHP was
added. These gl ass cont ai ners to whi ch DEHP wer e added
were gl ass bottles. W had to manufacture the CPDA-1
out si de of any pl astic contai ners to nake sure that we
di d not have any DEHP cont am nati ng t he syst emt hr ough
t he anti coagul ant. And t hen weekly, DEHP was m xed wi th
an al i quot of autol ogous pl asnma t hat had previ ously been
stored frozen. The DEHP was sol ubilizedinthe plasna.
A neasur ed anount of that plasma, in order to deliver the
appropri at e amount of plasticizer, was added on a weekl y
basis to those gl ass bottlesto m m c the accunul ati on
during storage of DEHP.

Anot her study perforned | ater | ooked at red
cells, where againinapairedfashion subjects stored
their red cells ineither non-DEHP pl asti ci zed pl astic or
with DEHP. 1In all of these three sets of studies, the
24- hour recovery of radi o-label ed red cells at the end of
a 35-day storage period was better in the presence of
DEHP t han when it was not includedin the fornmul ation.

Some of these differences are indeed clinically
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significantly potentially as well as all being
statistically significant.

The difference in the curves appearedinthe
first few mnutes. |If you |ook at the T50 of the
di sappear ance of theradio-labeledredcell, thereis a
mar ked difference in the cures just in the first 10
m nutes. The difference appeared to decline after that.
Sothe primary di fference was i medi at e cl earance of the
red cells, which was greater w thout the presence of
pl asticizers in the bag.

This i s shown here that fromabout the --
after the first few mnutes clearly there was a
flatteni ng out of these curves. And between the 60-
m nute and 24-hour points, the curves were al npost
parallel. Sothe difference mght be attributed-- | say
m ght, we didn't actually | ook at this -- to increase
rigidity or sone other physical factor which led to
earlier renoval of the non-plasticized stored, non- DEHP-
stored red cells.

I f youthen cal culate this out to 24 hours,
assum ng approxi mately the sane | ong-termsurvival --
whi ch i s standard i n bl ood banki ng to assunme that if red
cellssurvivetheinitial tinme period, they will probably
have a nornal |ife span, you woul d predict that thereis

al7 percent differenceinredcell availability, which
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isreally attributable to this difference in what is
occurring very rapidly after transfusion.

What exactly i s goi ng on here? This answer
has never been defined Maybe that there is better
preservation of phospholipid asymetry, which is
i nportant inpreventing m crovesicle formation or which
i s associated with reduced mcrovesicle formation . It
may be the pl asticizersinsonmewy interactingwththe
red cell cytoskeleton to counteract any effects of
oxi dati on or detachnent of the cytoskel eton, whi ch woul d
al solead toincreased mcrovesicle formation. It nmay be
that thereis |ess availability of dival ent cations,
particularly calcium to interact with the red cell
menber -- again, to cause effusion of these little
m crovesi cl e buds which can form

So exactly what i s goi ng on here, we are not
certain, but it does appear that there is sone
rel ati onship between the presence of DEHP and the
menbrane directly.

Well, if DEHP confers sone benefits tored
cell storage but there are sone ri sks associatedwthits
use, is there sonething el se that we can do? Coul d we
use less of it? Is there some other plasticizer that
could be used? A reduction in dose would appear

ultimately to be problematic. Not only woul d t he bags
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becone stiffer and potenti al for breakage i ncrease during
conmponent production, but the dose response curves from
t he New Yor k Bl ood Cent er studi es woul d suggest that we
coul d get to a poi nt where we woul d not see the benefits
t hat we had beconme accustoned to.

What about switching to a systemin which
thereis |less plasma? That is indeed what happened about
this sane tine, where we swi tched fromusi ng whol e bl ood
primarily or packed cells to additive systens. And
i ndeed, when you go froma whol e bl ood systemto an
additive system there is | ess accunul ati on of DEHP
during storage. That may wel | be because thereis just
| ess pl asnma t here and much of the DEHP i s solubilizedin
t he pl asma. However, interestingly, although the total
anmount of DEHPis | ower inan additive systemunit, there
isnoreactuallyintheredcells. It may be that there
isless conpetitionfromproteinsinthe supernatant and
the fluid surrounding the redcells and nore of the DEHP
is able to get tothe red cell, where it is actually
provi di ng sonme benefit. W are not aware of any benefit
of the DEHP being dissolved in the plasma. This is
entirely conjecture. W don't knowthis for afact. But
it isinteresting that we were able to acconplish a
switch to an additive systemwhi ch does provi de better

storage of red cells and | onger storage of red cells than
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a whol e bl ood or a packed cell system and possibly this
is part of the reason that it does so.

Now as Paul nentionedin the previoustalk,
we do have ot her pl asticizers avail able, and the butyryl -
n-trihexyl citrate plasticizer, BTHC, whichis part of
2209, has been available in the United States.
Certainly, you can get 35 or 42-day storage of redcells
W th the appropriate anti coagul ant. There appears to be
no denonstrabl e difference between the 2209 and 146
pl astic bag storage of red cells. Howcan that be if
thisisnot aplasticizer that i s doingthe sane things
as DEHP. It clearly is not seem ngly doi ng anyt hi ng
insidetheredcell. These netabolic paraneters arethe
same as one woul d expect wi th DEHP. The henol ysis is the
sane as one woul d expect with DEHP, and t he recovery is
about the sane. |s there sonething el segoingon? That
has never been finely determ ned. But it does appear
that there is at | east one plasticizer which does the
same t hi ng or provi des t he sane environnent for red cell
storage that DEHP does.

V¢ have sone problens with this plasticizer,
as was nentioned. It does have -- the bags do have what
sone regard to be an objectional odor. There is an
increased cost and it does have increased oxygen

permeability, whichis not necessarily a down side for
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red cells, per se, but it is just a different
characteristic, and bl ood bankers di d have to get used to
havi ng bl ood bags that were bright red as opposed to
darker red with the use of 22009.

The questi on of which plastictouseis one
which | think others will be tal king about | ater. But
PDC, pl asticizedw th DEHP, i s one t hat we have cone to
know and | earn howto use very well in bl ood banking
because of a nunber of very positive characteristics.
These same characteristics are not present in other
pl astics that are available to us. So it does appear
t hat the polyvinyl chloridefamly is onethat we have
been able to use successfully over the last three
decades. The question of which pl asticizer should bein
t hat pol yvinylchlorideis another issue. Clearly, the
DEHP whi ch has been there for the | ast several decades is
providing a benefit for red cells, and we cannot
i mmedi ately renmove DEHP and repl ace just any other
pl astici zer or use a non-| eachabl e pl astici zer. Because
thered cell storage characteristicw |l indeed change,
and we wi || not be ableto storeredcells for as |ong as
we have in the past or with as good an outcone after
t ransf usi on.

So we cl early have benefits associated with

DEHP. W have risks that are toxicologicinnature. The
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Al ternatives are not perfect and | | ook forward to
t oday' s di scussi ons t o det er m ne wher e we shoul d go next.
Thank you very nuch.

DR. MONDORO. Thank you, Dr. Aubuchon. Qur
next talkisthefinal talkinthis sessiononplastic
bl ood bags, andit will be gi ven by Dr. Edward Snyder.
Dr. Snyder is a professor of | aboratory nedicine at Yal e
Uni versity Medi cal School and Director of the Bl ood Bank
aphoresis service at Yal e New Haven Hospital. | would
al so ask at the end of Dr. Snyder's talk if all three

speakers coul d be seated at t he panel tabl e sothat we

can have a short question and answer period after that]

DR. SNYDER: |' mtal ki ng about pl atel ets.
This -- ny talk i s about plasticizers and platelets. For
several years, there have been avariety of alternative
pl astics avail abl e for platel et storage. Wuat | amgoi ng
todoistogothroughinnyusual rapidflicker-fusion
type of approachtotry to cover as nuch data as | can,
t he purpose of which is to showthe industry and t he
public that the bl ood bank commnity has avail abl e
several different types of plastics and pl astici zers
whi ch are shown to appropriately store platel ets, and |
want ed t o provi de sone of that data and put sone of this
i n perspective.

This is a picture of a platelet. Wat we
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are concerned about is not only all the biochem stry
insidethe platel et, but what effects there are onthe
menbr ane. There does not appear to be sane effect on
pl at el et menbranes as thereis onred cell nmenbranes.
That is, it has not been shown t hat DEHP has a benefi ci al
effect on platelets and platel et survival.

This is just electron m crograph show ng
sim | ar kinds of things. W are concerned about not only
attachnment to receptors in the nmenbrane, but al so the
rel ease reacti on whereby the various henostatically
active materialsinthe al pha granul es and al so t he dense
bodi es, ADP and serotonin, can get to the outside by
merging with the surface collecting system which
al though it looks like a vacuole actually is an
evagi nati on of the menbrane. The whol e purpose of
platel et storageistocollect theplatelet, storeit in
a plastic bag, and then have it function during
transfusion as well as it would if it were a fresh
pl at el et.

Pl atel et storage bag suitability has a
variety of characteristics that have to be evaluated. It
has t o have accept abl e O, and CO, gas exchange, whichis
critical. The pHshoul d be above 6.0 at t he end of the
storage period. Right nowinthe CFR, it is 6.0. But in

new gui dance t hat has been |l et out totheindustry for
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comment, the suggestion was made by the FDA that this
shoul d be raised to 6.2, which people working in the
field appl aud, because 6.0 is too | ow.

In vitro characteristics need to be
neasured. Radi o-| abel ed i n-vivo characteristics are al so
eval uable. In-vivo post-transfusion corrected count
i ncrements, although corrected count increnents are
falling somewhat i nto di sfavor but | think they are still
useful . And possi bly henostatic efficacy. So any changes
t hat m ght occur as aresult of this or other nmeetings
wher e different plastics or plasticizers would needto be
used, we have the tool s to eval uate howpl atel ets woul d
store and whet her the changes are acceptabl e.

The pl atel et assays are nyriad. This is
just a Whitman's Sanpl er of some of the mmj or ones.
There are ot her slides fromthe BEST Conm ttee whi ch have
about 45 or 50 different tests. The fact that there are
somany i nplies that thereis no onetest which gives you
aninvitro evaluation of howplatelets functionin vivo.
To do that, you still needto do radio-1abel ed survival s
and patient transfusion studi es. So any data t hat shows
aninvitro change woul d have t o be nodi fi ed by sayi ng,
well, that is great, but what is the radio-Iabel ed
survi val study showin normal vol unt eers and what does it

do in patients once the cells are infused or the
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pl atel ets are infused.

Mor e than t he pl astici zer have an effect on
the platelet, the plasticizer's maineffect i nny opinion
isonthe ability of gas exchange to occur in the bag.
PVCis a vapor barrier. It isasolidplastic. Inorder
to make it flexible and mal | eabl e, plasticizers are
added, and t hat changes gas exchange properties. And any
ot her changes in any other kind of plastic, be it
pol yol efi n or any ot her ki nd of plasticizer, alters gas
exchange. And for platelets, that isthe key. It is not
t he pl asticizer havi ng a good or bad effect necessarily
as much as it i s gas exchange, whi ch has t o occur across
this container. If enough oxygen conmes i n for t he nunber
of plateletsinthe bag, aerobi c netabolismthroughthe
Krebs cycle wi Il occur resultingin CGO bei ng produced,
whi ch can di ffuse out of the bag mai nt ai ni ng proper pH.
If thereis insufficient oxygen because you have a bag
t hat cannot have good gas exchange or there i s t oo many
pl atel ets for the gas, glycolysisw || occur throughthe
Enbden Meyer hof f pathway with |l actic acid. Eventually
t he bi carbonate wi || be used up, thepHw I fall, and
the platelets will die. So the plasticizer's effect
mai nly, innm opinion, is for gas exchange across t he
wal | .

The key thing is for the mtochondriato
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function. That i s where the Krebs cycle occurs, and i f
you have heal thy m tochondria spewingout little green
balls, everythingis fine. If they switchto bad red
bal I s or you have bad nmi tochondri a because of | ack of
oxygen, the platelets will not storewell. That is what
needs to be evaluated. The trouble is there are not a
| ot of mtochondriainplatelets. Thisis aslidefrom
our | ab where platelets were stained wwth JC-1, which
['ights up mtochondria. Andthen they were fal se stained
wthredtoshowthe outside of the platelet. Thereis
about four tofive mtochondriainaplatelet, as opposed
to braincells, which have hundreds of mtochondria. So
what you are | ooking at is basically you can actual ly
count the mtochondriainsone of these. Thereis not
very many. So any damage to the platelet that occurs
fromhypoxi c storage woul d result inthe potential death
of the platelet.
Now pl asti c bag storage vari ables -- and |

refer youto aexcellent paper witten by Ral ei gh Carnen

in Transfusion Medicine Reviews in 1993, where he

di scusses the types of vari ables. Plastic sheet, and
t herefore bag wall thickness, surface area, type of
pl astic, type of plasticizer, anount of pl asticizer, and
permeability of the |l abel all relate to gas exchange for

pl at el et storage. And Ral ei gh and his group certainly
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have done a trenendous anount of work. These are slides
taken from that paper, and it lists a variety of
manuf act urers and pl astics, sone of whi ch are not around
-- sone of the conpani es are not around. Basically,
t here is pol yvinyl chloride, whichwas nentioned, as a
solidplastic, DEHP, whichallows it to be mal | eabl e and
flexible. Thereisthetrineletate plasticizers. Baxter
had a PL732 pol yol efin bag w thout a pl asticizer and
wi t hout PVC. And sincethis slide has been nade, there
have been the citrate-based pl asticizers and sever al
ot her types of bag, ethyl vinyl acetate and so forth. And
as we get intothe age of pat hogen and acti vati on as yet
anot her net for safety of the bl ood supply, one woul d
have to eval uat e bags that are perneabl e to vari ous types
of 1ight to see whet her they woul d be accept abl e for use
in various types of photoinactivation technol ogies.
Now, agai n, fromDr. Carnen's paper, vari ous
bags whi ch are Baxter bags and Cutter bags and Teruno
bags show ng oxygen transfer rate. As you can see, the
PL146, which was the early plastic PVCw th DEHP, only
had 4 m cronol es per hour. Thisis a Teruno bag, which
isalsoPVCwith DEHP, but it is athinner bagandit has
sone ot her changes to all ow better gas exchange. So
t here are ways of working around that. And thenthere

were - thesearethetrineletate plasticizers. PL1240is
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alsotrineletate. Thisis the polyol efin bag, which was
the winner at that tinme that this was done.

This is a slide which | did obtain from
Baxt er showi ng oxygen perneability. Thisis PL146, which
has the DEHP and the PVC. This is a trineletate bag.
This is a citrate-based plasticizer. Here is the
pol yolefin. Andthisis another bagwhichisalso--it
isadifferent type of bag that doesn't seemto have a
pl asticizer, PL2410. Here is yet anot her bag, 3014,
whi ch i s a bag that has a very hi gh anount of citrate.
You real |y need a score cardto be ableto keepthesein
m nd. But the coment that Ji mAubuchon said, the nore
oxygen that comes i n a pl atel et bag, at | east for now,
the better. It allows youto store platelets for | onger
periods of time. There nmay be a poi nt where oxygen
toxicity may occur, but | don't knowif we know anyt hi ng
about where that woul d be. And if oxygen can diffusein,
CO, needs to be able to diffuse out, and this is a
simlar type of bag. Again, this slide was obtai ned
courtesy of Baxter.

Nowthisis aslideagainfromDr. Carnen's
paper show ng oxygen transfer based on t he anount of
trinmeletate plasticizer, which does |each out into
pl asma, but not to the sanme degree t hat DEHP does. And

as the plasticizer content increases, itisasif youare
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meki ng nore pores i nthe bag and nore oxygen can di ffuse
inand CO, out. So, again, this was one of the comments,
that the ability of a bag is necessarily based on the
plasticizer, onlyit isthethickness of the bag and t he
amount of plasticizer content, and this shows this very
nicely.

Now 2- DEHP, and a | ot of this was shown in
t hi s cl assi c paper by Rubin and Ness, that it is 30to 40
percent by weight and it does mgrateinto plasma. DEHP,
however, has been associ ated wi t h sone decr eased pl at el et
functioninvitro. Acutetoxicityis |owand nmany ot her
types of bags exist.

A paper by Labow i nTransfusi ons showed t hat

t her e was no specific bindingsiteon platel et menbranes
for DEHP, but clearly it does bind to the nmenbrane.
About 95 percent binds to the menbrane and 5 percent is
inthecytosol, andit mgratesintothe plasna and sets
up an equilibrium If you do an SDS gel, you will see
the DEHP m grating in the front of the dye as a lipid
woul d. And the menbrane bound to platelets is
proportional to the amount in plasm, which you woul d
expect. And the actual data shows that | ooki ng at t he
pl atel ets over here, you can get

-- intwo days, you can get 19 ng/ 100 m and certainly

| ots nore, as has been reported.
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I nterestingly, there is a higher
concentration in the platelet pellet, 37 ng/dl, as
opposed to t he pl atel et-poor plasm, only 16. But the
anmount recovered i s much | ower inthe PCbecause thereis
so much nore plasma than there are platelets. So the
per cent age of bindingis greater inthe plasm, although
it isconcentratedinthe platelet. Anda5to 10 unit
pool , as Jaeger and Rubi n comment ed on, coul d gi ve you
wel | over 114 ng of DEHP.

This i s a paper by Dr. |shi kawa, where he
used what is called the gl owdi scharge techni que. He
t ook a PVC DEHP bag and treated it wth radi o frequency
toformcross |inks and prevent the m grati on of DEHP,
whi ch was t he gl owdi scharge technol ogy. | amnot nore
famliar withit thanthat. DEHPin m crograns per nl,
thisis storage period. Andthough the control bag was
| eaking DEHP i n its usual fashion, the gl owdischarge
treated bag did not | each DEHP very much. So here is
anot her possible technol ogy. I don't know how
proprietary it is, but there are ways of using the bag
wi t hout necessarily havingit |eachin. What effect it
woul d have on a vari ety of characteristics other than
pl atel ets, | am not sure.

Thi s was a paper, agai n by Labow, where t hey

showed -- they validated that nost of the -- thisis a
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percent of C-14 DEHP. The mpjority of it was in the
supernatant and | ess inthe pellet, althoughthe pellet
had a hi gher concentration. This is percent and since
there is nore plasma, the number was higher in the
super nat ant pl asna.

Thi s i s a paper by I shi kawa whi ch shows t hat
i f you took DEHP and you i ncubated it with pl atel ets over
time, over 18 hours, this is the change in the ADP-
i nduced aggregation of the DEHP-treated versus a contr ol
wi t hout DEHP. And at two hours, there was no change.
The vari ous bars showi ncreasi ng concentration. Thisis
100, 300, and then 500 m crograns per ml. And over tine
of storage and wi th i ncreasi ng concentration, the amount
of ADP aggregati on decreased. Nowwhat does t hat nean?
Well, it would nean a lot if it also nmeant that the
pl atelets didn't survive very well. What it meant is
t hat the aggregati on dropped, so it dropped from 100
percent down to 60 percent. Does that give you a
platelet that will still correct ableedingtineandstop
sonebody from bl eedi ng despite the fact that it is
sonmewhat | ess? W see aggregation studies all thetine
during regul ar storage in all kinds of bags t hat do drop.
So | was not as inmpressed with this. But it still,
nevert hel ess, pointstothe fact that insomeinvitro

systens, you can showan adverse ef fect of DEHP, al t hough
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not a fatal flaw, if you wll.

Thi s i s anot her paper by I shi kawa i n 1984,
whi ch shows no ef fect of gl owdi scharge where t he DEHP
woul d not | each versus a control bag where t he DEHP woul d
| each on pH. But hereit shows that incontrol bagor in
a bag exposed wi th t he net hanol vehicle, there was no
change i n hypot oni ¢ shock response. Wereas as you use
i ncreasi ng anounts of DEHP, either 150 or 300, you get a
drop of f in the hypotonic shock response in platelets
over or up to about 20 hours. We see a drop off in
hypot oni ¢ shock response with platel ets that are stored
i n polyol efinbags with no plasticizer as well. These
pl atel ets correct bleeding times. They give good
corrected count i ncrements. And not dammi ng, but again
sone evi dence t hat DEHP seens t o have an adver se ef fect.

However, Bob Val eri, as he has al ways want
t o do, published 10 years earlier that he didn't find any
changes. He stored platelets wwth DEHP, m I|i nol es as
opposed to m crograns, and showed t hat for aggregati on,
t here was no change wi t h col | agen, ADP or epi nephri ne,
whet her the platelets were stored fresh or with varyi ng
amount s of DEHP. You could say, well, it needed to be
i ncubat ed for | onger periodof time and perhaps so. But
he, at | east, found data that there wasn't a change. And

al so effects of additi on of DEHP on pl at el et aggregati on
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t o epi nephrine one m cronol ar. Again, no change with
i ncreasi ng doses of DEHP versus a fresh control. So you
can pick whichever study you w sh.

Q her studi es have shown t hat when pl atel ets
store, they undergo the rel ease reacti on and you get a
variety of mcrovesicles and platelet debris and
pseudopods, and there i s a whol e scori ng systemt hat was
devel oped. Dr. Fratantoni pointed out that platel ets that
are stored in pol yol efi n bags, however, have in addition
to t he ki nds of pseudopod formati on and so forth, as you
can seein B, C, D, E Fand G which is this paper by
Labowin 1986, you see holly fornms and ring forns and a
vari ety of bizarre uncl assifi abl e shapes. Dr. Fratantoni
raised this as a question. This was data that was
repeat ed by Labowand refers to Dr. Fratantoni's work.
We don't know what this means. These were in the
pol yol efin bag. The survivals were acceptable.
Corrected count increnents were good. So what does this
mean? It is not sure. Was it alack of plasticizer? Is
it oxygen? Isit sonethingelseinthe polyolefinbag?
Li ke Dr. AuBuchon nentioned, there were ot her things that
occupi ed our attention and we never real |y pursued this.
If it turns out that polyol efin becones a nmuch nore
i nportant i ssue, we woul d need to go back and | ook at

t hi s again. But we do have sone i nformati on. W are not
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at square on. W are at square two or three.

This is a paper by Valeri again. I
apol ogi ze for not putting the nanme in. But this was a
xer ox of a xerox done at the |l ast m nute before | |eft
when | just found this paper. But thisis Dr. Valeri's
paper. This shows the percent of infused radi oactivity,
whi ch i s the radi o-1abel ed recovery, and this is survival
i ndays. For platelets that either are fresh or stored
in DEHP plastic for 24, 48 or 72 hours. And this is
bel i eved to showthat the recovery of fresh plateletsis
about 65 percent here. It goes downto-- thisis the
mean and t he standard error of the nean bracketingit.
About 50 percent, about 40 percent, and about 30 percent
as the platelets store for up to three days. This is
about what we see. W see about 40 percent plus or m nus
for platelets stored in any kind of a bag at about day
five. That is pretty nmuch what we see. Whether thisis
a plasticizer effect, unlikely. Because 732 bags gi ve
you the sane results and it doesn't have a pl asti ci zer.
So when you do t hese st udi es, you have to conpar e st or age
and t he storage | esi on changes wi t h what pl astici zer
ef fects m ght be. Regardless, all the platel ets seemto
have a survival of about 7 to 8 days, which woul dinply
t hat of the surviving platelets -- andthisis at tine

zero -- whatever platelets areleft right after infusion
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i n an aut ol ogous survival nodel, they do survive the sane
I ength of tine as fresh platel ets woul d. So you get | ess
recovery, but the platelets that do survive and ar e not
danmaged do circul ate.

Now t his was a paper by Hogge, et al. in

Tr ansf usi on, which | ooked at corrected count i ncrenents

infresh platelets versus platelets stored after three
days or seven days. And what they found was that the
corrected count increment infresh platelets after one
hour was 20, 000, but after three days of storage in
ei ther polyvinylchloride or 7 days in a trineletate
pl astici zer, you had t he sanme result of 10,000 to 12, 000.

There was no di ff erence bet ween t hese two, but there was
a difference between fresh. W knowfresh plateletsis
an anachronism W don't have that anynore. It is nerely
for information. The point is that whatever changes
occur, it occursrelatively frequently inthe PVCbag and
alsointhetrinel etate bag by day 7, but it doesn't seem
toget any worse. SothisbagisPVCwithatrineletate
pl astici zer, show ng that we can t ake DEHP out and stil |

have t he sanme t ype of responses that we get. Infact, we
don't use PVCwith DEHP i n t hi s ki nd of a bag any nore.

Teruno does, but againthey have nodifiedit soit has
better oxygen characteristics. Andthe 24-hour gi ves you

the same thing at aslightly different | evel. So we do
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have ways of eval uating changes in plastics.
This is the paper by Vvaleri, and all of

Valeri's data came fromthis Environnental Health

Perspectives, 1973, Volunme 3, page 103. What he did
-- and again, | apol ogize. | was tryingto showyouthe
sl opes, whichwas all | wasreallyinterestedin. This
was pl atel ets that were stored wi th about 20 ng/dl of
DEHP, and this had about 35. This is a polyolefin
plastic with very m nimal DEHP, | ess than 1 percent.
What he di d was he | ooked at bl eeding ti mes. He gave a
normal volunteer -- andit is the sane volunteer in all
t he panels -- aspirin over here, and then he | et the
control go. The control is over here showi ng that the
bl eeding ti me went fromnornal up to about 12 to 14 or 16
--itishardfor meto see -- and cane down over four
days to this |l evel. The sane thing here -- aspirin,
control and t he bl eedi ng ti me goes down. When he gave
pl atel ets that were pl asticized wi th DEHP wi t h about 20
mg, he found that after 24 hours the bleeding tinme
corrected after transfusion. Wththe polyolefin, it
al so corrected sonewhat better. And wi th DEHP t hat had 35
ng, again the bleeding time corrected.

So what was the differencew th all of the
| shi kawa i nf or mati on showi ng t hat t he aggregati on st udi es

were inmpaired? Well, it may be i npaired but anin vivo
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assay, whichisthe bottomlineasit were, didn't seem
to show in Valeri's work a problem It corrected
bl eeding times whether there was DEHP, either in
rel atively | owor higher amounts, or no DEHP. They still
seenmed to work. In fact, he pointed out that this was
the only one at two hours that actually inproved the
bl eeding ti me down to about -- | thinkit says 8 m nutes
fromabout 14 or so after two hours, whereas w t hout the
pl asticizer, it actually took |onger to get the
correction.

So, again, isit helpingor not? It appears
that it doesn't seemto have a problemin vivo, even
t hough in vitro it m ght.

QO her things to be consi dered was a paper we
publ i shed many years ago | ooking at 1240, which is a
trineletate plasticizer fromBaxter conparingit with the
trinmeletate Cutter product, andthis is the polyol efin.
We di d radi o-1 abel ed survival s innormal volunteers for
platel ets stored on an elliptical 1 rpmrotator, a
circular 2rpm acircular 5rpm or anelliptical 6 rpm
And this had to dowith the sheer stress. Wat we found
-- this is the nean, and again it is about 40 percent
recovery i s what you get after five days of storage and
one standard devi ati on. The one that | ost was the PL-732

bagwiththe 6 rpmelliptical rotator. Thisis the end.
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These are not days of storage down here. So what that
meant was t hat sone pl asticizers or | ack of plasticizer
with certain types of sheer stress associated with an
elliptical rotator my give you unacceptable
characteristics. Thereis nogoldstandard for platelets
likethereis aredstandard, if youw I, for redcells,
where you need 75 percent survival 24 hours after
i nfusi on onthe | ast day of storage to get an accept abl e
redcell. For platelets, however, nost peopl e consi der
40 percent recovery plus or m nus one standard devi ati on
to be a reasonabl e nunber. But the 732 and the 6 rpm
elliptical rotator failedto neet that standard. Al the
ot her ones did. Thiswas sinmlar to-- thenultiplehit
survi val s showed t hat t he survival s were roughly t he same
regardl ess of the type of rotator, whi ch was shown by t he
ot her study t hat was done by Val eri years ago, agai n, as
i s al ways t he case, that those that survived circul ated
normal |y, even though fewer may have.

Thi s cl assi c paper by Dr. Scott Murphy and
ot hers, which basically showed that -- and this was
publ i shed shortly before ours was -- this PL-732 on an
el liptical rotator had anin vivo recovery of | ess than
40 percent, again this sem -nmagi ¢ nunber, whereas t hose
on atunbler didvery well. Wichis why we nolonger --

we do not store PL-732 on elliptical rotators. Infact,
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not many peopl e use 732 very much because ot her bags are
bei ng used. But this kind of work shows t hat maybe t he
pl asticizer inconjunctionwth sheer stress or the |l ack
of plasticizer had sone effect. Andthis wouldneedto
be | ooked at again further.

So the | ast couple of slides. Patient
transfusion studies. Trineletate plasticizer with PVCor
pol yol efin, | ooki ng at corrected count i ncrenents. The
increments, 46,000 wththetrineletate and 58,000 with
trimeletate, and 63, 000 i n conpar abl e patients getting
t he pol yol efin PL-732 wi t hout plasticizer. Corrected
count increnments were all inthe same range. So what this
shows i s, again, despiteinvitro studies, which my show
sone problems with PVCor with ot her types of things --
these arethetrineletates -- without a plasticizer in
the polyolefin bag, you get good corrected count
increnents, and in vivo it appears to be acceptable.

So what are the final things we needto | ook
at? Again, we refer to Dr. Carnen's paper. If we are
goingto, as aresult of this conference, store platelets
i n some ot her type of bag, what the manufacturers wil|l
need to work with the public and to sone degree the
i ndustry, that is, thelaboratories that evaluate this,
is flexibility, so that they can fill and transfer.

Tenperature resi stance i s required so you can store t hem
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infrozenredcells or frozen plasma. The strengthis
requi red for centrifugati on. What ever new conbi nati on
woul d have t o have safety and conpatibility. Various
manuf acturi ng i ssues, which we may here fromfromt he
manuf acturers. Dr. Carnmenis inthe audi ence. And we
have the ability toevaluatethisandwe will doit byin
vitro anal ysi s, radi o-|abel ed survival studies, and
eventual ly in vivo patient transfusion studies. So we
have the capabilities to evaluate this. And fromny
perspective, we coul d | ose PVC and we coul d | ose t he DEHP
and pl at el et s woul d survive very nicely in other types of
bags avail abl e. The questionis, are we trading the devil
we know for the devil we don't know? Thank you.
DR MONDCRO 1'dliketothank the speakers
very much for getting us focused on bl ood bags bef ore we
get i nto any ot her i ssues. W do havetine for a short
questi on and answer periodif anyone would |ike to cone

tothe mcrophone. | wouldliketorem ndyouto state

your nanme and affiliation for the record. Thank you.

PARTI CI PANT: Herb Cullis, American
Fl uor oseal Corporation of Gaithersburg. | want toaddto
Dr. Snyder's comments that in 1998 and 1999, an
addi ti onal plastic fluoroethyl enepropyline was eval uat ed
by t he Phor ceni as Cor poration and eventual | y obt ai ned

approval for the storage of platelets in the United
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States. It has ten tinmes the oxygen transport of PVC
pl astics and six times the CO, transport and was found to
be abl e t o support platelets at tw ce the concentration
of the 732 plastics.

CHAI RMAN VOSTAL.: Vost al , FDA. Dr .
Aubuchon, those survival studies were, | think, 35-day
red cell storage. Does t he DEHP beneficial effect hold up
in 42-day stored red cells?

DR. AUBUCHON: | have not seen a study
conparing storage of red cells inan additive systemof
42 days wi th and wi t hout DEHP. | woul d t hi nk t hey woul d.
| woul d predict that you woul d see the difference and |
woul d t hi nk that red cel | s woul d not be abl e t o be stored
w t hout DEHP for that time period, but | have not
actually seen the exact conparison. Certainly at 35
days, oneis not abletostoreredcellstoneet the 75
percent criterion of 24-hour recovery w t hout DEHP, and

| don't think we woul d have nuch hope unl ess thereis

anot her approach, such as with the citrate plastici zer|.

DR MONDORO | have one question for all of
you i f you would | i ke to conment. One of Dr. Snyder's
| ast point was that of tenperature, and | was wonderi ng
how DEHP st acks up agai nst alternative plasticizerswth
regard to the col der frozen storage of bl ood conponents

as far as thawing. |Is there any one that is better or
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has that been -- have tenperature effects been studied

DR. SNYDER: | don't knowthat nuch about
it, which of course has never stopped ne fromcomenti ng
inthe past. But | think thereis the concept of a gl ass
transition phaseinaplastic, and | do believe that sone
of the non-DEHP pl asticized bags have better gl ass
transition characteristics. Because that has been a
problemw th breakage of fresh frozen plasma, as you
m ght i magi ne, during storage. So | think there are sone
t hat have i nproved characteristics, and that is not a
maj or problem If | amincorrect onthis, sonebody pl ease
correct ne.

DR. MONDCRQO Pl ease cone to t he m cr ophone,
yes.

PARTI Cl PANT: Bob Rubin, Johns Hopkins
University. | particularlylikedthe way the topic was
i ntroduced, | think it was by Dr. Snyder, about dependi ng
on your perspective, we've either got the hero or the
villainherewithDEHP. Nowa l arge part of the evidence
onthetoxicity of DEHP is going to depend oninvitro
studies. And | wouldIlike to enphasize this point about
such studi es. Sone of it was reflectedinthese early
tal ks. Maybe we will see nobre on the toxicity or
t oxi col ogy presentations. And that is the nature of the

sol ubili zation of the DEHP. Now/! thi nk Dr. AuBuchon had
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sone dat a where he used sort of natural sol ubilization.
You use a systemof havi ng a subset of plasma that you
added DEHP to. Dr. Snyder, you had sone data that as
near as | could see used nethanol as a sol ubilizing
agent. Inthe lshikawa studies, | don't think I picked
up exactly how it was sol ubilized.

My comment, bottomline, and | wouldliketo
hear comments fromthe group, is the nature of the
sol ubi l'i zati on of DEHP. There are a nunber of critical
exanpl es where we can denonstrate either a positive
effect or a negative effect of DEHP, dependi ng on howit
is solubilized. And we should keep that in mnd in
desi gning any further experinents.

DR. SNYDER: The |Ishi kawa also used
nmet hanol, | believe, as well.

PARTI Cl PANT: (Bob Rubin) If | can just
follow that up and point out the major difference.
Again, it may be npst inportant in toxicology. It is
usi ng natural ly sol ubilized DEHP, we were abl e t o show
t hi s shocked | ung or acute respiratory di stress syndrone
inexperinmental animals. I n Baxter's solubilized DEHPin
et hanol , not net hanol, they were not abl e to reproduce
that effect. That is the key one that | would be
concerned about.

DR. SNYDER: One of the things | think we
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have to be cogni zant of is not only the experinental
condi ti ons for bags that are being stored, but al sothe
ef fect of other external attributes, if youwll, such as
ganma radi ation, ultraviolet radiation, effects of
freezing and t hawi ng, and even physi cal shaki ng and so
forth. So when these studies are designed for future
plastics, all of these various iterations and
per mut ati ons woul d need t o be taken i nt o account, which
| eads you to a branch chain that can be quite | abor
i ntensive and expensive. But I think that is the
chal l enge for the industry and for the conmmunity.

DR. AUBUCHON: Even such seem ngly nundane
issues astheability to adhere alabel to aplastic as
it is being frozen and thawed in a waterbed.

DR. MONDORO: Any nore questions or
comments? Dr. Ness?

DR. NESS: Yes, | had a question actually
for Dr. AuBuchon. The data you showed i nplied that sone
of the effect of DEHP in terns of red cell storage is
real ly i medi ate, whichled neto wonder whet her anybody
has | ooked at storing or collectingredcellsinthe DEHP
nmedi a and then transferring themto a non-pl asti ci zed bag
toseeif theeffect is maintainedwthout theleaching
fromthe bag during the storage.

DR. AUBUCHON: All of the studi es t hat have
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been reported, sort of m xed nedi a studi es, have been t he
ot her way around, where the red cel | s have been stored
wi t hout DEHP, as you sawfromthe work of Ti mEstep. |
amnot awar e of anyone who has attenptedthat. Cearly,
Gai | Rock has shown t hat DEHP i s pi cked up very qui ckly
froma pl astic bag. But whet her over tine t he DEHP m ght
diffuse to other conponents and the effective
concentration within the red cell nmenbrane m ght be
i nadequat e t o achi eve t hese effects over tinme is unknown.

DR. MONDORO. We wi || take one | ast comment
fromDr. Snyder.

DR. SNYDER: Yes. | would beinterested as
t he day goes on to hear fromthe representatives of the
pediatric community. Some of our pediatricians, for
exanple, are still reluctant to use additive solutionred
cel |l s because t hey are concerned about t he adsol | o all
t hese many years. So the idea of changing different
pl astics and pl asticizers as far as the pediatric and t he
neonat al group, | think their comrents woul d be extrenely
i nportant in this regard.

DR. MONDORO: Thank you very nuch. | woul d
i ke to thank t he speakers. Youw || be seeing themon
our panel at the end of the day. As | said, we have now
focused your attention onto bl ood bags, t he focus of the

wor kshop, and our next session is going to be a nore
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general -- of nore general interest and that will be
chai red by Ron Brown.

MR. BROWN. Good norning. M nane is Ron
Brown. | ama toxicol ogi st at t he FDA Center for Devices
and Radi ol ogical Health. As we heard in the first
session, the use of DEHP as a pl asti ci zer for bl ood bags
clearly confers sonme benefits, particularly when we are
t al ki ng about red bl ood cell storage. However, as each
of these speakers this norning has el uded t o, exposure of
experinmental animals to DEHP has been shown to have
adverse or toxic effects. Those arethe effects that we
woul d |i ke to focus on here.

| was struck by a comrent that Dr. Ness had
in his opening coments, particularly that sonme
col | eagues had expressed to hi msurpri se t hat we t hought
t he DEHP i ssue had been addressed already. | think
partially that is a function of sort of the biphasic
nature in which the literature has been devel oped.
Certainly, there was considerableinterest inthe 1970 s,
largely to the work of Dr. Rubin and hi s col | eagues, with
the pioneering work on DEHP toxicity. And then it
appearedinthe 1980's that therewas abit of alull in
terms of theresearch effort that had gone on. Clearly
i nthe past several years, there has been an expl osi on of

research on DEHP toxicity, and we are fortunate t hat we
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wi | | have a nunber of speakers that will describe sone of
that research for us.

What | would liketodoistolet you know
t hat we have reordered the order of speakers in this
sessiontoallowthetalkstoflownorelogically from
onetothe other. First, we are goingto hear frombDr.
Bucher, who is going to describe the rodent
carcinogenicity studies. Then we will hear fromDr.
Cunni ngham who wi || descri be the nmechani sns of toxicity
and carcinogenicity, particularly astheyrelatetothe
rodent studies. Then we wi |l have a short break fol | oned
by Dr. Chapin, who wi || discuss the reproductivetoxicity
of DEHP. Then we will hear fromDr. Karle, who wll
di scuss her recent study particularly, but in general
pediatric effects of exposure to DEHP, and whet her or not
children and neonates represent a sensitive
subpopul ation. | will sort of have a catch-all talk
trying to pi ck up on endpoi nts that the previ ous speakers
had not addressed, | ooking at ot her effects produced
follow ng I Vexposureto DEHP. Andfinally, we will hear
fromDr. Ray Davi d fromEast man Kodak on some wor k t hat
t he chem cal industry has sponsored.

So | et me introduce Dr. Bucher as our first
speaker. Dr. Bucher is the Deputy Director of the

Envi ronmental Toxicol ogy Program at the National
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Institute of Environnmental Health Sciences, wth
particul ar expertise in the conduct of rodent
carcinogenicity studies.

DR. BUCHER: Thank you. | just wal ked in
and di scovered that we had reordered the tal ks. That is
okay. | would like to thank Bob Chapin for runni ng ny
over heads here.

| was asked to address sonme of the issues
related to the rodent carcinogenicity studi es of DEHP.
Thereis afairly long history of rodent studies with
DEHP. There were three studies that were perforned
before 1982 that were considered to be inadequate
eval uati ons by | ARC when they | ast | ooked at DEHP.

The first positive studies of DEHP were t he
Nat i onal Toxi col ogy Programstudi es reported in 1982.
These were of standard desi gns using Fisher rats and
B6C3F1 m ce receiving diets of upto 12,000 ppm s for
rats or 6,000 ppmis for mce for 103 weeks. The doses
for these studi es were sel ect ed based on 13-week studi es
usi ng di etary concentrati ons nuch hi gher or hi gher than
that, upto 25,000 ppmi s for rats and 12,500 for m ce.
Inrats, theonlyreal effect that limtedthe dose used
i n the chroni c study was an unaccept abl e body wei ght gain
at 25,000 ppm There was al so testicul ar atrophy seenin

the 13-week studies in mal es at 12,500, but was not
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consi dered to be -- woul d not be consi dered to have an
i npact on the chroni c study. For m ce, body wei ght gai ns
were variable at 1,600 parts per mllion and hi gher
concentrations, but they |acked a dose response.
Intherat study, as | said, the doses went
up to 12,000 ppmi s. Body wei ghts at 6, 000 and 12, 000 ppm
groups were |l ess than controls in nmal es and were al so
sonmewhat | ess than controlsinfenales at the top dose
only. Survival was pretty good in both studies, and
there was, interns of neoplastic effects, not al ot of
liver effects. But there was anincreaseinclear cell
cytopl asm c change, aslight increaseinnmales. There
was the expected testes degeneration and atrophy,
especially at the top dose in males, and there was
probably a related effect to this. The anterior
pi tui tary hypertrophy probably reflecting anincreased
need for LHrel ease fromthe anterior pituitary giventhe
| oss of testosterone feedback onthe anterior pituitary.
Interms of chronic neoplasticeffectsin
the NTP rat study, there was a nodest increase in
neopl astic nodules in males and femal es. This was
statistically significant infenmaleswithatrend. There
was an i ncrease i n hepatocel | ul ar carci norma i n bot h sexes
and t he combi ned i nci dence of neopl asti ¢ nodul es and

hepat ocel | ul ar car ci nomas was i ncreased and showed a dose
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response in both males and femal es.

At thistime, the NTP decl ared t he studies
ei ther positive or negative, and there were not the
| evel s of evidence that we use today. These two studies
were consi dered positive for |liver tunor effects.

There were al so decreases i n neopl asns.
There was a decrease in anterior pituitary neoplasnsin
mal es. There was a decreaseintesticular interstitial
cell tunorsinmales. And there was a decrease i n manmary
gl and fibroadenomas in fennles.

I n the nouse study, as | indicatedthe doses
went up to 6,000 ppmin the feed. This was half the
doses that were giventotherats interns of dietary
concentration. The 3,000 and 6,000 ppmgroups had a
slightly | ower body wei ght gain than the controls in
males and alittle nore of a body wei ght decrease when
conparedto controlsinfenale groupsinmce. Survival,
agai n, was not too bad and not affected by treatnent. In
terns of non-neopl astic effects, there was anincreasein
t est es degenerati on and atrophy, al though this was very
slight.

The t wo-year study findings -- neopl astic
findings in mce included a slight increase in
hepat ocel | ul ar adenonmas i n mal es, a m d-dose effect in

f emal es. There was more of a marked effect on
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hepat ocel | ul ar carci noma i n bot h nal es and f enal es, and
t he conbi ned tunor rates were i ncreased i n a dose-rel at ed
fashionin nal es and femal es. Both of these studies, the
mal e and f emal e st udi es, were consi dered positive for
carci nogenicity. And there were no decreases in
neoplasns in this particular study, the nouse study.
After the 1982 studi es, there were a coupl e
of confirmatory small er studi es that were perforned.
Rao, et al., found an increase in hepatocellular
neopl asns -- he found hepat ocel | ul ar neopl asns i n 11 of
14 mal e Fi sher rats fed di ets at 20, 000 ppmDEHP. Thi s
i s higher than the NTP doses. And that was conparedto
arate of 10 percent incontrols. Alsoat CIIT, Cattl ey
and Popp, et al., found tunors in 6 of 20 Fi sher rats,
t hese were liver tunors, given di ets containing 12,000
ppm DEHP for two years conpared in zero of 18 control s
There have been a nunber of nore recent
studi es that have been reported partially. These are
studi es by Dr. David, who w || have a chance t o coment
onthemlater. They were reported as abstracts at the
SOT neetings in 1996 and 1997. These st udi es expanded
upon t he NTP st udi es by providi ng | ower doses of 100,
500, 2,500 or 12,500 ppmand givento male and fenal e
rats for two years. One of their groups received 12, 500

ppmfor 78 weeks, and sone ani nal s were eval uated at this
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time, and sone of that group were held until 104 weeks to
| ook for potential reversibility of |iver tunors.

The findings of this study as reported in
t he abstract were that |iver and ki dney wei ghts were
i ncreased and testes wei ghts decreased at the hi gher
doses. There were hepatocel | ul ar carci nomas i ncreased i n
t he 12, 500 ppmgroups at 78 and 104 weeks and t he adenona
i nci dences were not reported. The NOAEL was reported for
carcinogenic potential, and | presune that thisincludes
adenomas and carci nomas, but it was determ ned to be a
NOAEL at 500 ppmfor this endpoint. And there was a
statenent that the tunor i nci dence dramatically reduced
inthe recovery group and that i s the conpari son of the
adenoma and car ci nonma i nci dents at 78 weeks as det er m ned
insimlar groups of ani mal s eval uat ed at 104 weeks after
st oppi ng dosing at 78 weeks.

There was al so an i ncrease i n nononucl ear
cell leukema in dosed males, but this was also
acconpani ed by a low incidence in the control rate.

East man Kodak in 1997, | believe, also
reported their two-year findings fromthe B6C3F1 nouse
study of DEHP. Again, they used the 6,000 ppmgroup,
whi ch was t he hi gh dose used i n the NTP study, and t hey
went down fromthere down to 100 ppm Al so, the sane

desi gn was used here where t he hi gh dose of 6, 000 ppmwas
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gi ven for 78 weeks. The dosi ng was st opped and an at t enpt
of |1 ooking at the di sappear ance or regressi on of tunors
was done at 104 weeks.

Inthis particular study, |iver weights were
i ncreased and testes wei ghts decreased at the hi gher
doses. Thereis areport that hepatocellul ar carci noma
increased inthe 1,500 and 6, 000 ppmgr oups at 78 and 104
weeks. And, again, the adenoma incidences were not
reported. The NOAEL for carcinogenic potential was,
agai n, 500 ppm the sane as inthe rat study. And the
t unor i nci dence was reduced i n the nmal e recovery group at
104 weeks conpared to that inci dence at 78 weeks, but it
was not reduced in the femal es given t hat sane design. A
reductioninliver tunor incidencein sort of a stop-
study paradi gm has al so been seen with sone ot her
per oxi some proliferators by other folks.

Ther e have al so been sone st udi es wher e DEHP
has been eval uated i n hansters, and t hese were a quite
different design. There were smal | er groups of 25 mal e
and fenal e Syri an hansters recei ving 3 grans per kil ogram
by I'Vinjectionon varying weekly schedul es for upto 32
weeks. Syrian hansters were al so, by the same group,
exposed to air or saturated at nospheres of DEHP for a
| i fespan and no carci nogeni c effects were reported from

ei ther study. Both of these routes of adm nistration
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bypass the gut. Therefore, the presuned MEHP net abolite
and 2- et hyl hexanol netabolites which are presuned to be
nmor e power ful peroxi sone proliferators i n DEHP woul d not
be f orned by ei t her of these routes of adm ni stration.
Soit isnot clear fromthis particul ar study whet her the
Syrian hanster issinply |l ess sensitivetothe formation
of liver tunors thanarerats and mce, or if infact the
proxi mate carci nogens, which would in this case be
presumably MEHP or 2-ethyl hexanol, were not forned.
There was also a study, a BASF study,
reported of the netabolite 2-ethyl hexanol. This was a
st andar d desi gn of 50 nal e and fenal e Fi sher rats and B6
m ce. The study was done by gavage at 50 up to 500 ppm
per kilogramfor rats or upto 750 ng/ kg for m ce for 18
nmont hs. These doses were clearly high enough. Body
wei ght deficits and i ncreased nortality were seen at the
hi gher doses. There was no neopl asti c response reported
for rats and there was no i ncrease i n hepatocel |l ul ar
adenoma reported in mce, but the data were not shown in
t he paper. There was a snall increase i n hepatocell ul ar
carcinomas i n femal es, especially when conpared to the
hi storical rateina 78-week study. Their concl usi on was
t hat 2-et hyl hexanol is a weak carcinogeninfenalemce
and may account i n part for the carcinogenicity of DEHP.

In ternms of genetic toxicology, DEHP is
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consi dered negative in alnost all kinds of studies
evaluated. It is negativeinsalnonellawth and wi thout
met abol i c acti vation as are t he MEHP and 2- et hyl hexanol
netabolites. It is negativeinthe nouse | ynphonma assay
as are the netabolites. It is negative or marginally
positive inthe Drosophil a sex-|inked recessive |l ethal
assay. MEHP was negativeinthis assay. It is negative
for hepatocyte or CHOcell DNA singl e strand breaks and
UDSininvitrostudies. It is negative for unschedul ed
DNA synthesisintheliver invivoinstudiesinrats and
it is negative for DNA al kylation in rats in vivo.

There are sone positive studi es | ooki ng at
chronosonmal aberrations or i nduction of aneupl oi dy with
DEHP or MEHP i n fungi and manmaliancellsinvitro. It
appears to be negative for mcronuclei formation in
peri pheral nmouse blood in in vivo studies.

Incell transformati on assays with DEHP, it
seens to be positiveintransformation systens usi ng SHE
cel | s, enbryoni c nouse fi brobl asts, and Fi sher rat enbryo
cells. Inapaper that is inportant for ne to nention
because it is authored by ny scientific director, they
conpar ed t he vari ous peroxi sone proliferators wi th DEHP
and MEHP for their ability to induce norphol ogi cal
t ransf ormation, chronosonal aberrations, and peroxi some

proliferationin SHE cells, and there was not a cl ear
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rel ati onshi p established bet ween t hese endpoints. So
cell transformation nmay not follow directly with
per oxi some proliferation.

Anot her group | ooked at t he decrease t hat
DEHP tends to give in GAP junction communi cation as a
means of expl ai ni ng t he DEHP-i nduced transf or mati on of

SHE cells. And while it was decreased slightly, it

wasn't considered sufficient to transformthose cells.

There have been a nunber of proposed
mechani sns of DEHP carci nogenesis. Innost initiation
pronmotion studies, DEHP is not an initiator, but it
consistently pronotes DEN-initiated altered liver foc
and tunors in nmce. Peroxisonme proliferationis, of
course, induced by DEHP net abolites, the MEHP and 2-
et hyl hexanol, nmore so in rats and mce than other
species, likely through a peroxisone proliferation
activated receptor alpharetinoid Xreceptor activation
conplex. Thisis areceptor-nediated activity. Itis
acconpani ed by |i ver enl argenent, induction of peroxi sone
and m crosonal fatty aci d netaboli smand cell turnover in
the liver.

DEHP is a nmoderately potent inducer of
per oxi somes when conpared with the whol e range of
chem cal s that i nduce peroxi sones. |t has been shown by

a nunber of investigators that peroxisone induction
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pot ency does not equal cancer potency. On the other
hand, studi es that have been done with the PPAR, the
per oxi some proliferator activated receptor, i n knockout
nouse treated with a Weth conpound 14643, whichis a
very strong peroxi sone proliferator, didnot showliver
tunors. So that woul d indicatethat thereis astrong
i nvol venent of the PPAR receptor in the liver tunor
response.

Mor e on proposed nmechani sns of per oxi sone
proliferator carcinogenesis. O coursethe classicidea
i s that peroxi some-induced oxi dati ve damage i s t he cause
of proliferation, although DEHP is not a positive
initiating agent. It does seemto be a pronoti ng agent.
The oxi dati ve danmage there i s that t he peroxi sones i nduce
enzymes t hat gener at e hydr ogen per oxi de nore so t han t hey
i nduce enzynes that take care of hydrogen peroxide -
cat al ase and ot her things |li ke that -- such that there
woul d be oxi dative danage to the cell

Kauf man at UNC and their col | eagues have
found that if they poisonthe Kupffer cellsintheliver,
you do not get hepatocyte proliferationwhentreatedwth
DEHP. So there is apparently arole for Kupffer cel
medi ated mtogenic factors in this hepatocellular
proliferation.

Cattl ey and Popp have proposed that the
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pronotion activity of DEHP on basophilic growth foci is
stronger than on other liver foci. And it has been
proposed by Roberts, et al., that they found t hat DEHP-
treated rodent hepatocytes show an inhibition of
apoptosi s, and in their hands DEHP sti nul at es apoptosi s
i n human hepat ocyt es.

Hayashi, et al., may have found at | east
parti al explanationfor the effect on apoptosis. They
have f ound t hat Pol y( ADP-ri bose) pol ynerase i s i nduced by
DEHP i n rodent hepatocytes. This enzyne apparently has
a lot of functions, but one of them there is a
requi rement that this enzyne decrease for apoptosisto
occur. So an induction would be an anti-apoptotic
si gnal . There have also been proposals that the
per oxi some proliferator carcinogenesi s m ght be dueto
al tered sex hornone netabolism You w || be hearing nuch
nmor e about the sex hornone effects and reproductive
effects later. And there has been a proposal that it
reduces serumcerul opl asmand t hat t here m ght be sone
i nvol vement of copper toxicity. These are nuch | ess wel |
under st ood.

And | would Iike to finish up by pointing
out that there has also been a nice paper put out

recently inCritical Reviews in Toxi col ogy that goes over

t he ext raper oxi sonal targets of peroxi sone proliferators.
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There are many, many extra peroxi somal targets and
per oxi sone proliferators. Thisisn't necessarily all in
relationto DEHP, but there are effects on mtochondri a-
i nduci ng proliferation and changes in nmitochondri al
enzyne activities. Succinate dehydrogenase i s af fected by
DEHP. There are changes i n nmi crosomal enzyne activity
changes in addition to those that are known wth
cyt ochrome P4504A systemt hat i s i nduced obvi ously by the
per oxi sone proliferators. There are changes in cytosolic
enzynme activities. There are changes in hornonal
pat hways, and there are changes in intracellul ar ion
honmeost asi s. Cal ci umion, for exanple, is accunulatedin
hepat ocyt es treat ed wi t h peroxi sonme proliferating agents.
And there is an energi ng body of evidence that woul d
indicate there is at least the possibility that
per oxi some proliferator-induced changesinacell can
|l ead to changes in signal transduction pathways.

So | woul d encourage you all tol ook at this
reference if you are interested in alternative
expl anati ons for the peroxi sonme proliferation-driven
hepat ocyte proliferati on node of action of carci nogenesi s
of the peroxisone proliferators. Thank you. Any
gquestions?

MR. BROMWN: Thank you, Dr. Bucher. As you

can i magi ne, whenever you have a conpound t hat produces
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a carcinogenic effect in rodents, there may be sone
significant public health or regulatory inplications of
t hose findings. | think theseresults have pronpted a | ot
of research into the nechani snms by whi ch DEHP exerts this
carcinogeni c effect. Dr. Bucher described sonme of them
and we are goingto hear inalittlebit nore detail from
Dr. M chael Qunni ngham Dr. CQunni nghami s a toxicol ogi st
at the National Institute for Environnental Health
Sciences. And | think inportantly, heis theteaml eader
for the peroxi sone proliferationinitiative. Sowe are
goi ng to hear nore about t he mechani sns of DEHP ef f ect s.

DR CUNNI NGHAM  Thank you and good nor ni ng.
| amgoingtorestrict my cooments to the nmechani sns of
t he t oxi col ogy of phthal ate acid esters inrodents and
hurmans conpari ng and contrasti ng conmon f eat ur es bet ween
the two species and especially inrelationshiptothe
hepati c per oxi some proliferation and
hepat ocar ci nogenicity.

DEHP bel ongs to the class of chem cals
referredto by Dr. Bucher as peroxi sone proliferators.
Peroxi sonme proliferators have generated extensive
interest during the last 20 years. This increased
i nterest has conme about |argely by the reproducible
associ ation of the i nducti on of peroxi sonmes and | iver

tunor formation in the rodent. Si nce rodent
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carcinogenicityis w dely used as afactor i n assessing
human ri sk, thereis intense interest i nunderstanding
t he bi ochem cal, cel lul ar and nol ecul ar basis for this
carci nogenic effect.

The fact that peroxi sones are i nduced by a
| ar ge nunber of chem cal s of vari ous chem cal cl asses has
been used as a common nechani smt o under st and t he basi s
of carcinogenicity for this class of conpounds. Although
as Dr. Bucher pointedout, astrict Iinear relationship
bet ween peroxi some proliferation and
hepat ocar ci nogenicity has been difficult to support.

Recent data has provided focus for the
hal | mark effect in the rodent |iver of the peroxi sone
proliferation phenonmenon, whi ch has been shown eit her not
to occur or occur inaverylimtedextent inthelivers
of humans. It has al so becone that chem cals inthis
cl ass of peroxisone proliferators vary wi dely i n potency
for this effect, fromparts per mllion to parts per
hundr ed.

| put this slide up to show the vari ous
exanpl es of conmpounds t hat have been shown to produce
peroxi some proliferationinrodents. Certainly many
t her apeuti c agents that have beenintheclinic for a
great deal of time and have been proven safe and

effective i nduce peroxisonmes in rodents. Steroids,
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her bi ci des, and the pl astici zers that we are di scussi ng
t oday general ly all i nduce peroxi sonme proliferationin
rodents al though fairly weakly conpared to sone of the
t herapeutic agents. And certainly there is a whole
vari ety of solvents and i ndustrial chem cal s as wel | as
food products and natural products that produce this
response.

| hope you can see sone of the structures.
This is put up for acoupl e of reasons, one of whichis
to denonstrate the wide variety of structures that
pr oduce per oxi sone proliferationfromlarger therapeutic
type agents. Straight chai nor hal ogenat ed conpounds can
produce this as wel | as sone endogenous conpounds such as
arachi donic acid and prostagl andins have al so been

denonstrated to i nduce peroxi somes inthe rodent |iver.

The hal | mark structural featureis that the
conpound has to either posses a carboxylic acid
functional group or a netabolite of the conpound produce
a carboxylic acid functional group such as -- al t hough
DEHP does not produce a carboxylic acid group, the VEHP
met abolite, which is thought to be the proxi mal
per oxi some proliferating conmpound, does produce that.

In general sense, the term peroxisone

proliferator denotes a drug or a xenobi otic that i nduces
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proliferation of the cytoplasm c organelle, the
peroxi some. This is an el ectron photom crograph of the
normal |iver. Peroxisones are constitutive inthe nornal
l'iver. They are usually identified by their very dark
opaque structures on an el ectron m crograph. Peroxi sones
hi storically had beenreferred to as m crobodi es. Those
two terns are i nterchangeable. These m crobodi es or
per oxi sones are single menbrane limted cytoplasm c
constituents. They appear as afinely granular matri x
and are ubi quitous i n bot h pl ant and ani mal cel | s because
they functionin theinternedi at e netabol i ¢ pat hways for
t he beta oxi dation of fatty aci ds for the honeost asi s of
i pid netabolism

Under condi tions of per oxi some
proliferation, by for instance DEHP, one can see an
enor nous i ncrease i n t he nunber of peroxi sonmes. You can
see the increase in the size as well. |t may not be
obvi ous, but thecell is alsovery muchlarger. And as
Dr. Bucher pointedout, there are actually norecellsin
theliver. Thereis aconbination both of hypertrophy as
wel | as hyperpl asi a observed foll ow ng exposure to a
per oxi some proliferating agent.

The bi ochem cal conposition of peroxi sones
are mai nly hydrogen per oxi de- gener at i ng oxi dases as wel |

as cat al ase, whi ch degrades hydrogen peroxi de. Oten
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thereis aninbal ance i nthe anount of hydrogen peroxi de
produced ver sus t he anmount of catal ase whichis present.
There i s al so ot her oxi dases, i ncl udi ng al pha hydr oxy
aci d oxi dase, D-am no acid oxidase, urate oxidase,
i soci trate dehydrogenase, carni ntene acetyl transferase,
as well as all the enzynmes responsible for the beta
oxi dation of long chain fatty acids.

As a brief caveat, peroxi sones shoul d not be
confused with [ysosomes, which contain proteolytic
enzynes, aci d hydrol ases. They are very di stinct, both
in their formas well as their function.

Per oxi sone proliferation has been post ul at ed
t o produce an oxi dati ve stress i nplicated as a possi bl e
mechani sm of hepatocarcinogenicity. Per oxi sonme
proliferators are thought to produce secondary genetic
toxicity by stimulatingthe bi osynthesis of peroxi sones,
which in turn increase all these oxidase enzynes
resul tinginanincrease or over-production of hydrogen
per oxi de, which is thought to react via the fenptin
chem stry nechani smt o produce hydroxyl radi cal and rmay
result theninthe genetic lesionsthat are observed and
may possi bly contribute tothe hepatocarcinogenicity,
whi ch i s very common i n | ong-termexposure to t hese cl ass
of conpounds.

| think thereis agreat deal tolearnfrom
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t he t her apeuti c peroxi sone proliferators, and t here has
certai nly been an enor mous anount of work done wi th t hose
that are used clinically, such as the fibrate
hypol i pi dem ¢ agents as wel |l as the thiazolidi nedi one
anti-di abetic agents. Mich of the research that has
el uci dat ed common nechani sns has come f romst udi es usi ng
t hose conmpounds, and | would li ke to use that data as a
paral l el for what a generic peroxi sonme proliferator such
as t he pht hal at es mi ght do i nrodents and contrast that
to what they m ght do in humans.

I have al ready di scussed all the types.
This is the history of peroxisone fatty aci d oxi dati on.
Youcanreadit as well as | can. But the point of this
slide is that nuch of this is fairly recent. The
toxicity of peroxisone proliferators is an ongoing
research effort, andthereis still a great deal to be
| earned, both on the biochem stry as well as on the
toxicity of these types of conpounds and certainly the
rel evance of peroxisone proliferation to potenti al
adverse human health effects.

But in general, as Dr. Bucher had poi nted
out, the nechanism whereby a xenobiotic induces
peroxi sonme proliferationis simlar. The peroxisone
proliferator inarodent or a human has tointeract with

a peroxisonme proliferator activated receptor in
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conjunctionwith the RXRretinoic aci d bi ndi ng receptor.
These two have to sinmultaneously bind on a response
el ement inthe geneinorder toeffect any transcription.
In the rodent, this binding results in peroxisone
proliferation. The hypertrophy and hyperpl asi athat |
i ndi cat ed before, a decrease in apoptosis, and inthe
rodent ultimtely tunorigenesis.

Humans possess t he PPAR acti vat ed r ecept or
Again, thisis just toreiterate that the peroxisone
i nduces hydrogen peroxide, which may interact with
fenptin chem stry to produce hydroxyl radi cal and produce
DNA damage via this indirect nmechanism As stated
before, thereis avariety of other hypot heses, such as
increase in |lipid peroxidation, which may i nduce DNA
damage by itself or menbrane danmage that results in
| i pofuscin deposition that has commonly occurred.
Al t hough thi s is studi es for ongoi ng research, we have
very recently generated datain our | aboratory that this
seens to be the predom nant pathway w th peroxi sone
proliferators i nduci ng DNA danmage, very much simlar to
what one woul d expect a hydroxyl radical type chem stry
t o produce and probably |l ess |ikely to be through the
i pid peroxidation pathway.

Thi s sl i de shows t he occurrence i n humans of

the PPAR receptor. The PPAR receptor has severa
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subtypes -- al pha, whichis very commonintheliver.
Let's see, whereistheliver? | can't see ny own slide
unfortunately. It is here. You can see t he PPAR al pha
content in human liver is quite significant. The PPAR
ganmma i sof ormi s conmon i n human adi pose ti ssue. There
is somereports that thelevels of PPARare significantly
lower in humans and that may result in a |ower
sensitivity to peroxisone proliferators conpared to
rodents. But they do exist and are significant and are
ableto activate certain genes. So although they nmay be
in|lower amobunts, they are certainly still active in
human tissue.

There is a differential activation by
fibrates which interact mainly with the PPAR al pha
subtype, and sothey are nainly |liver active, whereas the
t hi azol i di nedi one anti -di abeti c agents are t hought to
mai nly i nteract wi th the PPAR gama i sof ormand acti vate
transcriptional events in adi posetissue norethanin
liver. And conversely, the clofibrate type conpounds
activate transcriptionintheliver and not in adi pose
tissue.

This is aschematic then of what i s thought
t o occur upon activation of PPARwW ththe retinoic acid
bi ndi ng receptor. These bind bothin human as well as in

rodent at the peroxi sone proliferator response el enent.
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This is the comon feat ure between rodents and humans.
The pl ace where they diverge thenis the location of this
PPARE r esponse el enent to i nduce downstreamtranscription
at different gene products. So even though this is
common bet ween rodent s and humans, the | ocation of this
response el enent i s key to understandi ng the di fferences
inthe types of gene products that are i nduced bet ween
the two speci es.

The response el enent has beenreportedin a
nunber of | aboratories either tobesimlar -- thisis
the rodent or therat PPRE-- very simlar tothe human
PPRE i n this paper. A nore recent paper denonstrated
t her e wer e possi bl e geneti ¢ pol ynor phi sns i n hunmans wher e
t here are actual sequence differences i nthe human PPRE
conpared to t he rodent PPRE. The maj or conmon featureis
t hat the human, both fromJan Reddy's | ab as wel | as |
think thisis Ruth Robert's |ab, bothlocalizethe human
PPRE very nuch di fferent intherelationshiptothe ACO
Co- a- oxi dase and t he bet a oxi dati on gene. So t hat t hese
are so far away that this is thought to expl ain why
activation of the PPRE i n humans does not result in a
transcription of the ACOco- a-oxi dase. Wereas inthe
rodents, it is very nuch closer and may result in the
differencesintheinductioninthe entire peroxisomne

proliferation response between rodents and hunmans.
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They do have an entirely different set,
t hen, of gene products that humans produce upon
activation of the PPAR receptor and stinmulation of
transcription at the PPRE response el enent. As you can
seeinfibratesintheliver or thiazolidinediones in
adi pose tissue, instead of inducing the peroxisone
proliferationresponse observedinrodents, they induce
APO C-111 gene products. They increase |ipoprotein
| i pase activity. They increase APO-A-I and I1. They
bot h end up having li polytic activity basically because
of thelipoproteinlipase activity, and then they have
their effect to decreasethe triglyceride conmponent in
the plasma. Simlarlyto what you woul d see -- the end
responseis simlar towhat youwul d seein arodent.
But i nthe humans upon acti vati on of t he PPAR al pha, the
transcriptionresponseisentirely different w thout
i nduci ng any of the peroxisone proliferationactivity
i ke you see in the rodent.

And finally, just to reiterate that and
conpar e rodents versus humans, thisis just i n one gene
product. Humans and rats basically do the opposite and
doit through a simlar mechani sm So even t hough we see
a simlar PPAR al pha expression and si m | ar binding, the
| ocation or the response el enent seens to be different in

rodents and humans and result in differential gene
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synt hesi s and presunably differential toxicity. Thank
you very much.

MR. BROMWN: Wel |, thank you Dr. Cunni ngham
We have a 15-m nute break schedul ed. Because we are
runningalittlebit late, | wouldliketoresumethis
session pronptly at 10: 30.

(Wher eupon, at 10:14 a.m, off therecord
until 10:33 a.m)

MR. BROWN: Clearly, the carcinogenic
effects of DEHP have taken center stage in terns of,
agai n, both regul atory and publi c heal t h consi derati ons.
But it is inportant to keep in mnd many of the non-
cancer effects that have been mani f est ed i n experi nent al
ani mal s fol | ow ng exposure to DEHP. CQur next speaker,
Dr. Robert Chapin, is going to address one of those
endpoi nts, reproductive effects. Dr. Chapinis head of
t he Mamal i an Repr oducti ve Toxi col ogy Center at the NI HS.
And al so notable for this neeting, he is part of the
Center for Eval uati on of Ri sks to Human Repr oducti on,
whi ch i s eval uati ng reproducti ve effects of phthal ate
esters. So, Dr. Chapin?

DR CHAPIN:. | have been asked to gi ve a 20-
m nute overvi ew of eight-and-a-half hours worth of
mat eri al, so bear with me whil e we start cranki ng here.

So because of the anpunt of data that we have got to go
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over, basically we are just going to be covering-- kind
of hitting the high points, if you wll.

One thing that was touched on lightly
earlier is aconcept that isinportant inthis discussion
of the I Vexposures to DEHP and ot her pht hal ates. The
di ester phthalate with the two | ong side chains for
reproductive toxicity appears to be -- netabol i smappears
to berequired. So what happens is that esterases cl eave
one of those chains off
and turn the di et hyl hexyl pht hal ate into a
nonoet hyl hexyl pht hal ate. Those esterases are nostly in
the gut and the liver. So it is the nonoesters that
appear to be the active noiety. As we heard John Bucher
say, when you deliver it by inhalation, it basically goes
straight into the blood stream and you m ss that
activation step. So the internal ratio of the
met abolitesis different, and that woul d be true for 1V
exposure, and that is goingtorelate to what ki nd of
toxicities you see for reproduction.

| wanted to just get across the point that
structurerelatestofunction. D fferent phthal ates with
di fferent side chains will have different biol ogi cal
activities. Nonetheless -- and different biol ogical
activities nostly interns of potency, whichis to say

t hat t hose t hat have shorter or | onger chai ns t han DEHP
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tend to have -- tend to require nore conpounds to do t he
sane kind of effect. Wewill see an exanpl e or we wi | |
see a mani festation of that in the next slide.

Basi cal | y, you can break reproducti on down
intonmaleeffects, female, mal e reproducti on and fenal e
reproductionandtheresulting fetus. Sowe are goingto
go raci ng through those in the body of the tal k here.
The mal e effects -- soif you aretreating a pubertal or
an adult male basically manifest as effects on the
Sertoli cells, and 1 will showyou an exanpl e of what
that | ooks |i ke. So these are sort of the nomand dad
and the house, if you will, in the semniferous
epithelial, whereas the germcells are the ones that grow
up and | eave. So if you affect the functioning of the
har dwar e of t he support system thenthe germcells will
be adverse affected as in they die, and then that | eads
totesticul ar atrophy and reduced sper mcount and reduced
fertility. And we will see exanples of that in just a
m nut e.

The dose |l evel s for that tendto beinthe
hal f to 2 gramper kil ogramper day range. These are all
oral studies. So what | amgoingtodoistalkto you
about oral studies, because those are the ones that,
nunmber one, where nost of the data are, and nunber two,

that isthe effectiveroute. Thelast three slides or so

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

83

are goingto cover the couplelV-- relatively inadequate
| V studi es that were done nuch earlier, and |l will just
sort of address those just so that those have been
covered here. But nostly what we are going to tal k about
are oral dosing kinds of studies.

The femal e effects, we tend to see reduced
fertility, which manifests as areduced proportion of
femal es inagroup of animal s getting pregnant, and t hey
have a lower litter size, and that is due to a reduced
concentration of estradi ol. The devel opnental effects --
MEHP appears t o behave | i ke an anti - androgen, but there
are al so changes incell cycle, whichwe won't have tine
to go into very nuch.

Sothisis aslidefromJerry Heindel, where
he was summarizing the effects of many different
pht hal ates i n a conti nuous breedi ng study, and we are
goi ng to be | ooki ng at sonme of the data formthe DEHP
conti nuous breedi ng study, and we can see that at a gi ven
dose -- at the sane dose, thereis asort of increasing
effect onfertility as you approach DEHP. It tendsto --
and it reduces spermconcentration and it reduces testes
wei ght. Thi s was not eval uat ed, but there are changes i n
estrous cycle, as we will see.

So what does the testicular effect | ook

like? Well, thisisthe slidethat is apparently stuck
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inthe projector, whichis a pathol ogy slide show ngthe
effect on the testes of arat treated with a simlar

conmpound, di pentyl phthal ate, so reasonably closely
related, but it produces the sane ki nd of effect. Wat

it findsis -- what it produces is big vacuoles inthe
basal part of the Sertoli cells. So we have got the
sem ni ferous tubules in the testes, which is where
sper mat ogenesi s happens. W have got the Sertoli cells,

whi ch support those germcells. The first structural

changeis -- thisis sort of atestes by candl elight kind
of figure. What we see herearetw -- sothese are the
sem ni ferous tubules, thereis one here andthereis one
here. This animal was treated 24 hours previously with
di penyl pht hal ate. These two tubul es | ook normal . So we
have got basically anice plunp epitheliumif youwll.

You can't really seeit, but there are hundreds of germ
cellsinherewiththe Sertoli cells being the nearly
i nvisible structural support in those cells. For the
t ubul es that actual ly mani fest the damage, you can see
t hi s basal vacuol ati on here. That represents an adver se
response of the Sertoli cells. If youcontinue to dose
this animal with this or any other active testicul ar

toxi cant, effectivetesticular toxicant, youw | get

testicul ar atrophy. The next slide shows that. Before

we nove ontothat, | want to just for reference showyou
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alittle arteriole in-between the two sem niferous
tubul es, and then hereis the sane arteriole. So we have
gone up i n power now. So now these are sem niferous
tubul es froman ani mal that has received conti nued
treatnment with a testicul ar toxi cant, and basical ly al
that isleft arethe Sertoli cells and an occasi onal stem
cell spermatogonium So all the germcells are gone.
This aninmal's testes weighs alot | ess thanthe controls.
There is no spermhere, sothereis no spermout put and
so there is no fertility.

So t hat shows you bot h t he begi nni ng and t he
end, if youw ll, of thetesticular | esion, and that has
avariety of invivo kind of correlates. Sothisisthe
-- thisisoneof twoslides of datathat | will present
fromthis continuous breedi ng study, whichis basically
the National Toxicology Programis version of a
mul ti generation reproduction study. This was done and
publ i shed by Jim Lanb in the m d-1980's, and they
necropsi ed t he control group and t he hi gh dose group, so
t he hi gh dose ani mal s recei ved . 3 percent DEHPin their
di et. And basically what you can see i s that there was
anincreaseinliver weight, asignificant reductionin
right testes weight from 135 ng to 55, and then
concom tant reductions inright epididymal wei ght and

prostate wei ght and sperm concentration. So sperm
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concentration inthe epididyms went from473 down to
101, andinfact it woul d have gone down | ower i f we had
conti nued dosi ng the ani mal s. So significant reproductive
effects there.

One of the capabilities of this designis
that at the end of a certain anount of treatnent in vivo,
thereis apossibilitytocross-mate the group. So you
cantakethetreated animal s and mate themw t h contr ol
partners and vi ce versa, and you can see which sex is
affected. That is what Jimdidinthis study. So the
control/control mating, there were 18 out of 20 pairs
t hat mat ed and got pregnant and t hey del i vered an aver age
litter size of about 8. When the treated mal es were
mated with control females, only 4 of 20 fenal es got
pregnant and the litter size was six-and-a-half, so a
little smaller but not significantly smaller thanthe
controls. Sothereis asignificant reductioninthe
proportion of pairs getting pregnant with treated nal es.
Wth treated femal es, none of the treated fenmal es got

pregnant, zero out of 16. So a clear fenal e effect as

wel | . So we have both male effects and femnl e effectsg|.

Before we nove intothe female, | et nme just
summari ze the results fromthis Lanb study. What he
found was that there was reduced fertility, both at the

hi gh dose, whichin this case gave an average consunpti on
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of about 425 ngs per kg per day, and the m ddl e dose,
whi ch gave an average consunpti on of about 141. And
there was a cl ear NOAEL, no observed adverse effect
| evel , at 14 ngs per kg per day. Thisisinadult mce.
So the LOAEL of 141 and the NOAEL of about 14. So
remenber those nunmbers or find themin your handout,
because we are going to be com ng back to this later.

Ckay, so you renmenber that we said that
there was a significant femal e effect and t hat none of
the treated femal es got pregnant. Barb Davis at the
Nat i onal Toxi col ogy Programpursued that alittle bit,
nostly to show proof of principleandto explorelikely
target sites. She gave a series of regularly cycling
rats a very high dose -- a high effective dose of
di et hyl hexyl pht hal ate. And what she found was t hat on
t he norni ng of proesterase, there was this estradi ol
surge, which then stinulates the LHsurge inthe late
af t ernoon of proesterase and that stinul ates ovul ati on
and t hus her receptivity and t hen mati ng happens t hat
night. Well, inthe presence of a hi gh dose of DEHP, t he
estradi ol surge or the estradi ol rise didnot happen. So
wi t hout the estradi ol primng the ovary, the LH surge
didn't happen. And w thout LH surge, there is no
ovul ati on and so t here woul d be no -- she woul dn' t cone

into heat.
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So Barb's interpretation was that the
primary effect was on the effect on estradi ol here.
Wel |, so howm ght that be nedi at ed? Wat m ght be t he
target process that m ght be affected by DEHP? So what
Barb di d was gave -- sort of worked her way back from
estradi ol throughthe synthesis pathway. The first thing
t hat she found was i f she gave -- and as youw || recall,
testosterone is convertedinto estradiol by the enzyne
aromat ase. And she found that incontrol aninmals, as you
gi ve i ncreasi ng anount s of testosterone, you can produce
i ncreasi ng anount s of estradiol. That anount is reduced
i nthe presence of 2 grans per kil ogramof DEHP. And as
you went further back up t he pat hway, this reduction was
not aggravated. So Barb's interpretationis that the

primary effect is onthe enzynme aronat ase, whi ch nakes

the final conversion fromtestosterone to estradiol.

So she found those effects at this
relatively high dose. Then when she didtheinvitro
sort of dose response, she found effects occurring at
t hi s ki nd of concentration, whichisdifficult torelate
toinvivo levels. But she was finding effects inthe
femal e.

Okay. So mle repro/female repro
devel opnent. The pht hal at es have been t he subj ect of a

| ot of concernfor the possibility that they m ght effect
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t he devel opnent of the reproductive systemin devel opi ng
animal s, infetuses and neonates. That puts theminthe
category of "endocrine disrupters” or endocrine
nodul ators. So | need to take a two-slide sort of
parent hetical, contextual settingup for youtointroduce
you t o t he concepts of endocrine disrupters sothat you
can put this in sone kind of context.

Endocrine disrupters in general -- the
concern about endocrine disrupters is that they wll
-- that because of in utero exposure, there will be
changes inthe steroid mlieu of the organi smor of the
fetus and that wi Il produce changes that won't happen
until much later inlife. And that happens because
devel opi ng organ systens depend on and are very sensitive
t o endogenous | evel s of steroid. You have got to see the
ri ght amount of hornone at theright tinefor that tissue
t o say, okay, | amarodent prostate and this is the way
| amgoing to respond whenthis animal is anadult to X
anount of testosterone. O | amthe rodent brain or the
hypot hal anmus or sone part of the animal. And soif you
change that setting up process, then you will forever
change t he functi on and behavior, if youw |1, of that
organ when the animal is mature. So the concept is that
by interferingwith this signaling process, they can

change this. And the interesting thing about the
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reproduction system of course, is that that doesn't
start to mani fest shortly after the animal i s born and
you don't see it when you do a regul ar teratol ogy study,
which is just | ooking for basically the presence or
absence of |inbs or organs. What you are doing is you
are changing the function of an organ.

For the reproduction system of course, the
function is -- that is one of the last functions to
real ly kick in, and that only happens at puberty. So you
aretalkinganonthinmce, twononthsinrats, 18 years
in humans. So there can be a big |ag between the
exposure tinme and the ti me when you can actual |y neasure
a change.

What sort of changes m ght you see? There
are both structural and then structural changes will al so
|l ead to functional changes. But there are functi onal
changes that | ack an i medi at el y obvi ous or cl ear, easy
tofindstructural correlate. TCDD prevents the deat h of
sone of thecellsinthe mddle of the vagi nal fol ds, so
you get a vagi nal thread which reduces mating. Soif you
don't have the same anmount of mating, then you get
reduced fertility. You can see hypospadi as conpounds
t hat behave by bl ocki ng androgen signaling to the
organismw | | produce a series or asuite of effects, one

of whichis hypospadi as, where t he openi ng of the urethra
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is not at the end of the penis but is soneplace nore
cl oser to the body al ong t he under side of the penis.
There are smaller absent accessory organs like the
prostate or the sem nal vesicle. There is ectopic
testes, sothey don't distendintothe scrotumbut cone
out soneplace in the abdonen and |ive between the
abdom nal muscul ature and the skin, or there are un-
di stended testes. Thereis altered anogenital distance,
which in the rodent is a nmeasure of androgen st atus.

Addi tional functional changes include
altered CNS sensitivity to hornones, which wouldleadto
di srupted ester cycles, alteredlibidoor alterations in
the ability or willingness of either the nale or the
femal e to mat e and concom tant with ot her changes you get
reduced spermout put, altered nunbers of Sertoli cells,
aninability tomte due to either hyperspadius or this
vagi nal thread, et cetera.

So this kind of sets up the kind of the
context for you. Likel said, conpounds that interfere
wi th androgen signaling tend to produce a suite of
effects including hypospadi as and al tered accessory
organs and ectopic testes or distended testes.

These ki nd of endpoi nts have been eval uat ed
for DEHP only by one i nvestigator so far and that is Earl

G ay -- or have been published by only one i nvesti gat or,
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and that is Earl Gray at the EPA, and he used a
rel atively high dose of DEHP and gave it to femalerats
as a part of anuch | arger study | ooki ng at bot h DEHP and
like 7 or 8 other conpounds.

VWhat | will dois showyou just one pi ece of
simlar kinds of data. These were data actually
gener ated by Eve M crease and Paul Foster at Cl I T using
di butyl pht hal ate, and what they were neasuring was
hypospadi as. They found that there was basically no
litters out of nine control litters that showed any
hypospadi as, but one litter out of eight, four out of
seven, and two out of four showed t hemhypospadi as at
bet ween 250 and 750 ngs per kg per day, andthenthisis
t he nunber of pups that evi denced that effect. So you
can see a ni ce cl ear dose response relationshipinthe
presence of hypospadi as when di but yl pht hal at e was dosed
t o pregnant nons and t hen t he ki ds were eval uated after
birth. Thisis representative of the kind of data that
Ear|l has produced, but not in any ki nd of dose response
ki nd of fashion.

Al right. Sowe don't really have the data
that we really want i nterns of good dose response and
any ki nd of functional assessnment for DEHP yet. That is
goi ng to change. Both Dr. David and nysel f are part of

or runni ng or overseeing very large nulti-gen studies
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that are going to be coll ecting these kind of endpoi nts.
But we don't have themyet. So what have we got as a
fall-back?

The next best study, | think, is one done by
Arcadi, et al., where he exposed pregnant rat danmes to
two di fferent dose | evel s of DEHP i n t he dri nki ng wat er
only during gestation and |l actation. So the three-week
gestation period in a rat and then the three-week
| actation period and t hen he stopped t he exposure and
started evaluating the nmal e pups at different tinesupto
t he point where they were 56 days of age, which is a
little after puberty.

Al'l of the studies that | have tal ked about
so far have significant drawbacks fromthe standpoi nt of
bei ng able to address sort of the gl obal issues of
reproductive and devel opnental toxicity inrodents. The
drawbacks for the Arcadi study is that the
el emental /el ementary kind of data col | ectingthat they
should have done was to at |east neasure water
consunption, andthey didn't dothat. So we don't know
how nuch those animal s really received. Not only did
t hey not neasure water consunption, there was no
assurance of hownuch DEHP was actual |y i n t he wat er t hat
the animal s received. Andthisis significant because

DEHP i s not very sol ubleinwater, as we sawi n sone of
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the early talks. It will go into water at very | ow
| evel s, but it really hel ps to have |i poproteins or sone
sort of lipid fraction there to help haul it in.
Nonet hel ess, if we take at face value the intended
concentrations inthe water and a guessti mat e of how nuch
t hose ani mal s drank, then we have got a hi gh dose of
about 35 ng per kg per day, and t hose nal e pups out up to
day 56 had severe spermatogenic disruption and
significant adverse effects on spernmat ogenesis. At the
| oner dose | evel of 3 nys per kg per day, those pups what
| interpreted as del ayed testes devel opnment and sone
di sorgani zation, but the effects weren't nearly as severe
as those produced at the higher dose |evel.

Okay. So that is our sort of fall-back
position for the oral exposure. Let me just run quickly
through two or three slides for thelV-- that covered
the 1V studies and | ooked at reproductive endpoints.

Lewandowski and Thomas inthe late 1970's
conduct ed what were then state-of-the-art, devel opnent al
toxicities studies on DEHP in rats and rabbits
respectively. This is basically where you dose the
not her during the peri od maj or organogenesi s, and t hen
you ki Il her just before she delivers and you eval uate
t he structure of the pups. And as we seen, there are sone

structural changes that arerelatively easy to see, but
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there are al ot of functional changes that are al ot nore
difficult toseeandvirtually inpossibletoseeinthis
ki nd of design. And what they found was that |V
adm ni stration of DEHP produced no terata, no obvi ous
maj or nal formati ons, and there were no growth effects, so
t here was no ef fect on the body wei ght of the fetuses.
The dr awbacks for these studi es are only drawbacks in
retrospect and with sort of the march of tine and t he
evol ution of our collective thinking. They did not
exam ne post nat al devel opnent of the reproductive system
whichis what we think -- especiallyif Arcadi isto be
believedintoto, this devel opnent of the reproductive
systemnay be t he nost sensitive group of endpoints for
t hese kind of conpounds.

Per Sjoberg, alsointhelate 1970's, dida
series of | Vadm nistrations where he gave si x |V doses,
one every other day for atotal of six doses of either
550 or 500 ng per kg of DEHP IV, and then killed and
perfused t he ani mal s and | ooked at their testes under the
el ectron mcroscope. At the high dose, he found
relatively subtl e changes in Sertoli cell pathol ogy, only
at the high dose, and no effects there. Again, he was
not | ooking at mnmeasures of reproductive system
devel opnent. So he didn't | ook at the urethra or the

size of function of the accessory sex organs.
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Then thereis aseries of studies fromone
Dr. Petersen fromthe early 1970' s, where t hey gave DEHP
IVinaseries of six experinents. The endpoints were
vari ed. They included terata, time to pregnancy, the
percent of femal es t hat got pregnant, and as a neasur e of
CNS devel opnent, sei zure susceptibility inthose pups.
The main flaws with t hese experinents is that they were
mostly fishing expeditions, | interpret, |ooking for
flamng toxicity, if youw!ll. Thingsthat -- sothe N
i n nost of these experinents or nost of these groups was
very small. One group out of all the experinments I

| ooked at actually had an Nof 11, but all the rest of

t hemwer e substantially | ower. It was uncl ear howt hey
performed their statistics. In one experinment, they
found anincreasetotal litter losswith an Nof 4, and

one of those groups again had 11. Using |V doses of 5 or
50 ng per kg adm nistered only on gd8, which is just
after inplantationinarodent. Soquiterightlythey
t hought, boy, thisisasignificant finding, andif this
istrue, it coul d have maj or i npact. These are rel atively
lowl evels, andin fact we have seen t hese ki nd of | evel s
earlier in the IV exposure to humans tox.

So they did arepeat study wwth N s of 11to
16 or 18, and that study found no effect. So t hey were

not abl e to reproduce the effect with a nuch | arger study
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t hat woul d presunabl y gi ve us greater confidenceinthe
veracity of the answer. So the drawbacks or the caveats
tothis Petersen series of studies are that they are
basically very smal| and very fewof the studi es had any
replicates, only this last one did. There were no
statistics given. The statistical nethods were uncl ear
or not stated. And by and | arge, the effects that they
reported were different fromthose foundinthe rest of
theliterature. Soit is hard for ne to have sort of a
warm fuzzy feelingthat thisis actually givingusthe
ri ght picture.

So t he Lewandowski and Thomas and Pet er sen
studi es suggest to ne that there are little classic
terat ogeni c potential of DEHP or MEHP, and that is
conforting. But theyreally don't allowus any ki nd of
firmconcl usi ons about what the key effects m ght be,
what the productionis of theinactive parent conpoundto
the nore active netabolite after anintravenous route of
exposure, and they don't tell us anythi ng about what t he
circulatinglevels of MEHP woul d be t here or anyt hi ng
about the species conparisons or, as | said, the key
ef fects.

So let's just back up and have two sli des
wort h of sort of final eval uati on. So what we have got

are t he Lanb conti nuous breedi ng study, where hi s | onest
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effect level inadult mce-- fertilityinadult mce --
was 141 ngs per kg per day, and t hen we' ve got Arcadi --
and t he drawbacks to t he Lanb study are that they di d not
eval uat e t he devel opnment of the reproductive systemin
t he second generation. Again, this was a state-of-the-
art study at the tine that it was conducted, but in
retrospect it has a nunber of substantial drawbacks toit
that limt our ability to believe that it really is
founded -- that this nunber really is the correct nunber
for atrue LOAEL for DEHP. But the study itself -- for
what they did, they did very well. And what they found
was a | owest effective | evel of 141. \Wereas Arcadi
giving DEHP i n t he water to pregnant nonms found a | ow
effect | evel was his | owest dose, which was we guess
about 3 ngys per kg per day.

These are substantially different. So there
isalot of roomfor additional datatotell us what the
storyreallyis as far as what are effecti ve doses for
altering reproduction, at |east inrodent nodels. So
fromthis whirlw ndtour through a subopti nal data set,
what we can concl ude i s that at hi gher doses, DEHP, when
converted to MEHP, does affect both male and fennle
reproduction. At | ower doses, it probably affects male
reproducti ve devel opnent and it may be behavi ng | i ke an

anti-androgen that is not sinply behaving |ike an
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androgen receptor bl ocker such as flutam de.

We are unabl e to concl ude what an effect
NOAEL or LQAEL m ght be at this time because of those big
di fferences between t he Lanb st udy and t he Arcadi st udy,
and t he CERHR pr ocess, which M ke Shel by wi || tal k about
| ater on today, is in the process of comng to a
consensus about what can we concl ude fromt hese di sparat e
data. That process i s ongoi ng and there i s no consensus
yet.

There are no good -- whichis tosay there
are no good nul ti-gen studi es yet on DEHP, and by good |
mean studi es that neasure explicitly the devel opnent of
t he reproductive systemin the second generati on and
measur e the functi on of that reproducti ve systemas wel |
as the structure. That will change inthe next year as
Ray David's mul ti-gen study and as our nul ti-gen study,
whi ch we have ongoi ng as we speak, cone to conpl eti on and
get reported out.

So it has been ny jobto tal k and yours to
l'isten, and | hope we finished at the sane ti me. Thank
you very nuch.

MR BROMN:. Thank you, Dr. Chapin. Qur next
speaker is Virginia Karle. Dr. Karle is an assi stant
professor in pediatrics at the Depart ment of Neonat ol ogy

inthe University of Al abama at Birm ngham She al so
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serves as t he nedi cal director of the Neonatal Intensive
Care Unit at Medi cal Center East in Birm ngham Al abana.
Dr. Karle?

DR KARLE: Thank you. First of all, | have
el i m nat ed sone of the slides fromyour outline because
of the issue of tine.

When we | ook at the issue of pediatric
t oxi col ogy and pht hal at es, we have sone speci al concerns
when we | ook at t he pedi atric popul ation. First of all,
thedataisverylimtedto about a half a dozen studies
intheliterature. Thisis primarily |ooking at newborns
and there are a smal | nunber of patients in each of these
studies. We have to keep in mnd that these are
criticallyill infants who are exposed to a vari ety of
devi ces and procedures putting themat risk. Their
i mrat ur e net abol i ¢ pat hways nay al so potential ly put them
i nasubpopul ati onthat makes themat greater risk for
toxicity.

Intheliterature, we have seen t hat DEHP
exposure through a variety of procedures have been
report ed. Looki ng at bl ood product transfusions,
unbi i cal cat heters, exchange t ransfusi on,
cardi opul nonary bypass for corrective heart surgery,
mechani cal ventilation and | ong-termbypass such as ECMD

Hllmn, et al., reportedin 1975 t hat DEHP
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coul d be extracted fromheart tissuein 17 neonates. She
conpar ed neonat es who had been had | i nes or had been
transfused and conpared thoseto stillbirths that were
not exposed to these procedures. They found hi gher
levels if the infants had an increased nunber of
transfusions, if they had an i ncreased nunber of |ine
usage, or if they had died early. She al sonoted that in
the nore premature i nfants who died three to fi ve nont hs
after their exposure, they coul d detect tissue |l evels at
thistinme. Inaddition, they reportedthree neonates
who di ed of necrotizingintercolitis and found gut tissue
level sintheseinfants. Acause and effect rel ationship
coul d not be determ ned.

Onthis slide, I have conbi ned two st udi es
| ooki ng at doubl e vol unme exchange transfusi ons, a study

by S oberg reported i nTransfusionin 1985, and Pl onait

from Transfusion in 1993. These are the nunber of

patients, 6 and 16. These were all newborns who
under went doubl e vol une exchange t ransf usi ons because of
ABOi nconpati bility and RHi soi niruni zati on. The anount
of DEHP neasured i n the bl ood bags used for t he exchange
ranged from36 to al nost 85 m crograns per m inthis
study to4to 123 mcrograns per m in Plonait's study.
But t he actual anount nmeasured inthe patients at the end

of exchange ranged fromas little as 3.4 to as nuch as 21
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m crograns per m.

I n each study, they noted whet her there was
any accunulation in babies if they had repeated
exchanges. | n S oberg, he reported no accunul ati on over
time. But Plonait did report that if an infant was
repeat edl y exchanged, their basel i ne val ue did i ncrease
over time. They al so noted the cl earance of DEHP from
pl asma | evel s, and noted i n both studi es that the nore
immature or premature the infant and the nunber of
repeat ed exchanges resul ted i n a decreased cl ear ance of
t hi s conmpound fromthe bl ood. Plonait al so went onto
state that | ooki ng for evidence of clinical toxicity,
t her e was no si gns of chol estasi s or cardi ac dysfuncti on
i n these babi es | ooki ng at i ndirect nmeasures -- heart
rate and bl ood pressure.

Berry, et al., | ooked at DEHP exposure from
short-term bypass in adults and infants who had
corrective heart surgery. They neasured bot h DEHP and
MEHP | evel s pre and post -bypass and sawa 7to 10-fold
ri se at each by the end of their bypass run for surgery.
He reported that i nfants had t he hi ghest | evel at a range
of 5.1 mcrogramper m for DEHP and 2. 7 for MEHP. They
not ed t hat nost of the |l evel s decreased and dropped to
preoperative values by 24 hours except if they had

decreased urine cl earance, and then | evel s may persi st
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for as long as four days.

As a neonatologist, nmy interest really
concerned this subject whenit canme to the ECMO baby.
These are newborn t ermbabi es t hat are put on this device
for oxygenationreasons. Inadditiontothiscircuit,
whichisfilledwth bloodat theinitiation of bypass,
t hey have ongoi ng transfusi ons and t hei r bl ood circul ates
t hrough thi s tubing for periods of days to weeks on tine

at tenperatures of 37 degrees centigrade, puttingthis

popul ati on of baby at greatest risk for acute exposurg.

Schneider, et al., first reported the
exposure fromDEHP i n the ECMOpatient through aletter

in The New Engl and Journal of Medicine in 1989. They

reported one pati ent who had | evel s after 14 and 24 days
of bypass in the range of 26 and 33 ni crograns per m .
Inaddition, they | ooked at tissue |l evel s in an autopsy
pati ent who had di ed of respiratory fail ure and det ect ed
l'iver, heart and testiclelevels of DEHP. To | ook at the
potential exposure fromthe ECMOcircuits thensel ves,
they also ran two circuits for a period of 48 and 84
hour s and neasured extraction or | eachi ng of the DEHP
over tinme in arange of 3.4 m crograns per nl per hour
and 4. 1. They took this nunber and t hey extrapol at ed
that to the average 4 kg pati ent who woul d be on bypass

for 3 to 10 days and projected that they could
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potentially expose a baby to these levels, 42to 140 ng
per kg body wei ght, inthat tinme frame. This obviously

i s much hi gher than has ever beenreportedin patients.

My studies and | also |ooked at ECMO
circuits and wanted to | ook at the designeffect inits
role. We conpared three ECMO circuits that were
clinically usedat thetinme. Crcuit Ais what we use in
our institution at Children' s National Medi cal Center.
Circuit A had a smaller surface area of 932 m
centineters, avolune of 800 cc. Grcuit Bwas al arger
circuit usedinsone centers. This shouldbe 1,000 m s.
And circuit Cis the actual same as A, except for the
internal |lunmen has coval ently bonded heparin. These
circuits were prinedinthe usual fashionwth saline,
al bum n and packed cel | s. W al so added CPDA sol uti on
because of henol ysis and cl ot formati on. W circul ated
t hese at 400 cc a m nute for 48 hours and corrected the
bl ood for physiol ogic pH.

The anount of DEHP at t he end of the prime
or time zero ranged in the circuits from 18 to 21
m crograns per m, whichissimlar tothat reported from
bl ood bags for exchange transfusi ons. The extraction
rates over time for the smaller circuit was at .32

m crograns per m, just 10 tines | ess than what Schnei der
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had reported. Circuit B, whichis larger thanthisis
vol ume, was al npbst twice the extraction rate. And
circuit C actually had decreasing amounts of DEHP
extracted over tine.

This figure represents percent change from
basel i ne over tinme, 0 when t he bl ood has been added, at
one hour, and every si x hours for a 48-hour tine peri od.
Wthcircuit A, what we use in our institution, we see a
riseover tinme for an extractionfromthe ECMOcircuit
itself. For the larger volume circuit, this is
i ncreased. But for the heparin-bonded circuit on the
internal |lunen, we see a di sappearance or a decreased
anount of DEHP neasured over tine. Representedinthis
fashi on w th DEHP concentrati on corrected for surface
area, we see that thereis nodifference between Aand B
when you account for the surface area. And again C
di sappears over tinme, whichis consistent with what we
know f or DEHP net aboli smin plasmatoits by-product, in
particul ar MEHP.

We concl uded fromthis part of our study
t hat DEHP does | each fromECMO circuits and that the
design of thecircuits, such as tubing type, size, I ength
isinportant for the anount that coul d be extracted. And
t hat t he Carnmeda heparin bonding circuit on the internal

lumen may actually be protective.
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If we | ook at the literature and what has
been publ i shed as t o exposures fromnedi cal devi ces, we
see that fromvari ous procedures we have extrapol at ed
thistoad4kgpatient internms of mlligrans per kil o.
Fromwhol e bl ood transfusi ons, dependi ng on who you r ead,
it isonaverage about a half amlligramper kil ogramof
body wei ght for a singletransfusionof 10 cc per kil o.
For platelet transfusions, it is higher at 1.9 mlligrans
per kilo. For dialysis, 1.9. For doubl e vol une exchange
transfusion, it canrange from.8 to 3.3 ng per kil o.
VWhen you conpare that tothe ECMOpatient, this estinmates
apotential -- circuit Afor athree-day course of ECMO,
4. 7upto 15, and for thelarger circuit as nuch as 35,
and for the Carmeda circuit itself zero-- conparedto
Schnei der' s study, which they estimated ranges from42to
140 ng.

We seeintheliterature that the patients
ar e exposed t hrough t hese devi ces, but what evi denceis
there that there is toxicity? Schneider and his
col |l eagues also reported an association between
chol estasis inthe babi es on ECMO, and t hey | ooked at
hemol ysis and DEHP |evels as factors for this
chol estasis. They measured in 29 ECMO i nfants DEHP
|l evels at 48 hours before the end of bypass or

decannul ati on. They al so measured bilirubinlevels and
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free henogl obi n as a neasure of henol ysis. They defi ned
cholestasisas mldif thedirect bilirubinwas|essthan
1 nmg per dl, severe if it was greater than 2 or 80
percent of the total, and noderate for everythingin-
bet ween. The anmobunt of DEHP | evel s reported in their
patients ranged from 18 to 98 m crograns per nil.
They noted that they did indeed find
chol estasisintheinfants on ECMOand saw hi gh di rect
bilirubinlevels wthout other evidence for cannicul ar or
hepat ocel l ul ar i njury. The transam nase | evel s were
normal . They did note the DEHP di d not correlate with
ti me on bypass. DEHP | evel s, henol ysis and t he need f or
ultrafiltration did correlate with chol estasis.
They | ooked at rel ati onshi p bet ween DEHP
| evel s and henol ysis and stated that it correlatedwith
an Rof .67, and specul ated t hat DEHP may actual | y cause
henol ysis and instead of stabilizing the red cell
menbrane may actual ly cause henol ysis or at the very
| east prevent excretion of bilirubinfromthese patients.
My col | eagues and | at Children's Nati onal
Medi cal Center inworkingw th Dr. Rubi n at Johns Hopki ns
| ooked at thisissue and wanted to | ook at the i ssue of
toxicity as well. W looked at plasnma |l evel s col | ected
i nglass and stored at nmi nus-70 degrees until anal ysis

was done by gas chromat ography. We | ooked at term
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infants with respiratory failure and had m ni mal

requi renents of 100 percent oxygen and peak pressures of

30. Those babies that nmet institutional criteriafor ECMO
went on to bypass. The ot hers were consi dered control s.

We had 18 ECMO babies and 10 controls.

The clinical signs of toxicity that we
eval uated were the lung by | ooking at a chest x-ray
scoring system theliver lookingat bilirubintotal and
direct, cholesterol, triglyceride and transam nase
| evel s, and heart function by neasuri ng cardi ac echoes.
We nmeasur ed dai | y DEHP | evel s bef ore bypass and after for
three days after they were decannul ated in the ECMO

babi es and dai ly unti| the control babi es were ext ubat ed.

There were no di fferences i n denogr aphi cs
bet ween the patients except for in the respiratory
paraneters, where as expected the higher respiratory
settings were inthe babies that went onto ECMOand t he
| ower oxygenation paraneters, and t hus t he sicker infants
went on to bypass.

In our study in 18 ECMO i nfants, before
bypass we detected no DEHP i n t he bl ood. W wer e goi ng
to conpare that to ng per kil o weights so we can | ook at
the previous literature. After one hour of bypass, the

mean |level was only 3.5 mcrograns per m or .8
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mlligrans per kilogram After three days of bypass, the
mean | evel was 4.9 or 1.2 mlligrans per kilo. Inthe
hi ghest | evel per patient, the mean value was 8.3
m crograns per m or 2 ng per kilo, simlar for that seen
with transfusions.

At decannul ati on or at the end of bypass,
the | evel s had fall en and not accunul ated to | evel s of
1.3. Onthis figure, we see DEHP concentrati on over
time, andthis represents all DEHP | evel s neasured inthe
18 ECMO babies. This part of the graph is the N or
number, and this represents the percentage of non-
detectabl e DEHP | evel s inthese patients. Again, before
bypass 100 percent of the babies had no detectable
| evel s. But even at one hour of bypass, athird of the
babi es had non-det ectabl e | evel s of DEHP. Mbst of t he
val ues ranged under 12 m crograns per ml except for one
patient, and further out on bypass, 9 to 10 days, 100
percent of the babies had non-detectable |evels.

We al so found t hat t here was no DEHP i n our
non- ECMD or control patients except for one baby t hat had
a level of 5.1 who had just been transfused. In our
study, we tried to avoid transfusions or recorded t he
timng of that between that and when the | evel s were
col | ect ed.

Agai n, the DEHP | evel s ranged fromzero to
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24. 1ntwo babies, they had circuit changes and t he DEHP
| evel s rose briefly and t hen decreased. Wen we | ooked
at anal ysi s bet ween DEHP | evel s and our cli nical signs of
toxicity, we sawno correl ati on when | ooki ng at heart,
liver or lung paraneters. Inparticular intheliver, we
sawno group di fferences inliver function betweenthe
ECMO and non- ECMO pati ents, nor did we see any evi dence
of clinical significance or chol estasis, which conflicted
with Schneider's study. 1In the heart data, we saw
changes i n heart function consistent with that which had
been previously reportedintheliterature for babi es and
adul ts on bypass, but again these nunbers did not
correlate with DEHP | evel s.

We were particularly interestedin]| ooking
at lunginlookingfor evidence of toxicity because of
this evidence of shock lung or white out reported in
ani mal studies, seeninpatients after cardi ac surgery on
bypass, and a whi te out phenonenon that is notedinthe
ECMO babi es wi t hi n 12 hours of cannul ati on. W knowt hat
this white out i s associated with surfactant protein A
production and a decrease inthat. W evaluatedthis by
| ooki ng at a chest x-ray scoring systemthat had been
initially devel oped for the prenature baby i n eval uating
RDS and then adapted to the ECMO popul ation.

The hi ghest score in the | ung data was at
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t he begi nning of ECMOinthe ECMOpatients, correl ating
withtheir acuteillness. But again, thelevels did not
correlatewwth DEHP | evel s. This figure shows the | ung
dat a. Chest x-ray score ranged from4 to 20 wi t h ECMO
babi es shown in blue and controls in white. So the
| evel s wer e hi gher at t he begi nni ng of bypass and t hen
decreased. This was statistically different thanthe
control patients, but again didnot correlate wi th DEHP
| evel s.

We concl uded fromour study t hat ECMO does
expose these patients, but levels are |ower than
previously reported. Therisk fromthecircuits in our
study was 4.7 to 35 ng per kil o dependi ng onthe |l ength
of time on bypass. However, neasuredinthe patient it
was actually inthe range of 2 ng per kilo. W propose
that differences in circuit design and content of
pl asticizer inthose circuits and transfusion practices
may account for the differences between ours and in
particul ar Schnei der's studi es. W found no evi dence for
toxicity inthese patients when | ooking at lung, |iver or
heart paraneters.

In summary, DEHP i s detected i n newborns
af ter exposure froma vari ety of nedi cal devices, but
evi dence for acute toxicity has not been showninthis

popul ati on. Thank you.
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MR. BROWN:. Thank you, Dr. Karle. | am
going to ask Dr. Vostal -- or Traci. Many of the studies
t hat we have heard described this norning use oral
dosi ng. Again, several of the speakers had poi nt ed out
that DEHP i s convertedtoits presuned toxic netabolite,
MEHP, largely in the gut through the action of
hydrol ases. The chal |l enge to us as a regul atory agency
inevaluating that data is howdo we nake sense of the
oral toxicity data and howdo we use that to assess t he
risk posed by patients exposed to DEHP and NEHP
parenterally. Thosearetheissuesthat | wouldliketo
touch on.

One way t hat woul d al |l owus to use t he oral
dataistodoaroute-to-route extrapol ati on of dose or
potency. | want to di scuss sone i ssues rel ated to route-
to-route extrapol ation. But noreinportantly, if we are
going to do this risk assessnent for patients exposed
parenterally, what parenteral data do we have.

We have heard a little bit from the
speakers, in particular Dr. Chapin, in terms of the
avail able I Vreproductivetoxicity studies. But | would
l'i ke to touch base on a coupl e of ot her endpoi nts and
share wi th you our thinking as we go t hrough our risk
assessnent inthe Center for Devices and Radi ol ogi cal

Health. Al so, what factors are we consi dering as we
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eval uate these studies for use in risk assessnent?

Inaddition, what | wouldliketodoisto
try to put these exposures and animal toxicity results
into perspective in ternms of how do the NOAEL's and
LOAEL's that we see in the animal toxicity studies
conpare to the doses that patients are getting
clinically. 1 won't gointoalot with this. | am
really goingto focus on patients that are transfused.
But | thinkthisw Il at | east gi ve us a perspective on
where the animal studies fall out relative to what
patients are getting.

Now | amgoing to refer any real di scussions
of clinical relevance to the clinicians, especially
duri ng the questi on and answer period. But | amprobably
going toraise nore questions than | answer interns of
clinical relevance. But | do want to point out that
patients that are exposed to DEHP t hrough transf usi on
scenari os have adverse effects that arevery simlar to
t hose that we see in the experinental ani mal studies.
And | think those are going to rai se sone questi ons about
t he potential rol e of DEHP and t he pat hogenesi s of these
adverse effects in patients who are transfused.

Agai n, | nmentioned and ot her speakers have
said that DEHP is converted to its presumed toxic

met abolite, MEHP, in the gut. But | think it is
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i nportant to keepin mndthat we do have esterases in
the liver that have the ability to convert DEHP t o MEHP
So that doesn't totally negate all the oral toxicity
studies. W alsonotethat -- and | think it had been
poi nt ed out before that Dr. Rock has shown t hat pl asma
has the ability to convert DEHP t o MEHP duri ng st or age.
So we can't totally discount toxicity occurring via a
parenteral route of exposure.

Unfortunately, | amnot aware of any studies
t hat have | ooked at the toxicity of DEHP i n parall el
foll owing oral and intravenous adm nistration. The
cl osest that | coul d cone was t he study t hat | ooked at
the relative potency following and oral and IP
adm ni stration. This was the Shiota and M ma study in
whi ch t hey had admi ni stered DEHP t 0 pregnant 1 CRm ce on
days 7, 8 and 9 of gestation. Inthe study, they found
teratogeni c effects at doses greater than or equal to a
gramper kil ogram again ahighdose. But | thinkitis
not abl e that foll ow ng intraperitoneal adm nistration
that there were no effects at doses up to 8 grans per
kilogram Soclearlythereis aroutedifference here.
| am not sure how nuch we can extrapolate to the IV
adm ni strationroute, but show ng the difference between
parenteral and oral adm nistration, thereis adifference

in potency.

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

115

What are the practical inplicationsthenif
we knowthat thereis a difference in potency between
oral and parenteral adm nistration? | think at afirst
| evel that whenever you are trying to set atol erable
| evel for DEHP or even | ooki ng at a mar gi n of exposure
anal ysis, | think you have to go about it with cautionin
tryingtousetheresults of theoral toxicity data. And
at this point, we woul d recommend not usi ng t hose dat a
unl ess we had a nmeans to conduct that route-to-route
extrapol ati on. Either a physiologically-based
phar macoki neti ¢ nodel or ot her approach that woul d al | ow
us to do that. So at |east for right now our early
thinkingiswe aregoingtosticktothelVdataor the
IPdataintryingto assess therisk of patient exposure
to this conpound.

Dr. Chapin had very el oquently given an
overvi ewof the reproductive toxicity studi es and had
menti oned t he reproductive tox studi es, including all
their flaws and warts. What | would like to do is
briefly descri be ot her endpoi nts t hat have been seen
foll owi ng i ntravenous exposure of experinental aninmalsto
DEHP and MEHP.

In the 1970's, and | think we had heard
ot her speakers nmention this, it was recogni zed that

patients that are recei ving massi ve transfusi ons woul d
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devel op adult respiratory di stress syndrone. Andit is
curious that in experinmental aninmal studies, we are
seei ng very nmuch t he sane hi st opat hol ogy t hat we see in
these patients that are getting |arge volune
transfusions. One of the early investigators that called
this toour attenti on was Bennett, who showed that with
st ored bl ood we wer e seei ng adver se pul nonary effects in
baboons in a whole range of endpoints -- vascul ar
resi stance, end expiratory pressure, PO gradients. Wth
stored bl ood, you see adverse effects in all of these
endpoints. It isinportant to point out, though, inthe
Bennett study that they did not docunent the type of bags
t hat the bl ood was stored in. So we can't necessarily
i npl i cate DEHP as t he causati ve factor here. But | think
this study certainly |l ed many i nvestigators to think that
DEHP m ght be involved in the etiology of adverse
pul mronary effects.

Bennett and col |l eagues originally had
attributed these effects seeninthe earlier study tothe
generation of m cro-aggregates. | thinkinafollow ng
study t hey had shown t hat t hat was not necessarily the
case.

I find nyself at somewhat of an awkward
position describing the results of studies done by

participants sitting here in the room So | would
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encourage Dr. Rubin, inparticular, and Dr. Jacobson, if
you have any conments on t he remarks t hat | make, pl ease
rai se those in the question and answer period. But |
want ed t o poi nt out that it was the early work that Dr.
Rubi n had done i n experinmental animals -- and we had
heard sone of that -- that had rai sed t he suggesti on t hat
i ntravenous exposure to DEHP could cause adverse
pul nronary effects in these animals. And in patients
under goi ng car di opul nonary bypass or transfusion, we are
seeing increased | evel s of DEHP in the | ung ti ssue of
t hese patients.

I think in an earlier question and answer
period, Dr. Rubin had hit really on one of the key
aspects that | think is inportant to consi der as you
eval uate these studies. Andthat is the physical state
of the DEHP or howit is solubilized. Is it naturally
sol ubilized by | eaching fromthe PVCbag into the bl ood
or bl ood product, or isit solubilizedin an exogenous
surfactant? Those factors potentially are goingto have
an effect onthe mani festation of toxicity. [|n one of
his early studies, |I think he had shown t he effect of
tween used as a surfactant in the manifestation of
toxicity. Wen DEHP was sol ubilizedintween, wefinda
range of adverse pulnmonary effects -- respiratory

di stress, increased | ung wei ght, henorrhagic effects --
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when DEHP was solubilized in tween or tween and DVMSO.

Looki ng at just the control, there were
essentially noeffects. But it isinportant to note that
when DEHP was sol ubilized in BSA or acaci a, howyou are
al so not seeing effects. | don't think this necessarily
negates the potential for naturally solubilized DEHPtoO
cause pul nmonary effects. But I think it does show a
potentiating factor of the surfactant, and t hat j ust
needs to be taken into account. In other words, | don't

t hi nk we can di scount t hese studi es, but | think we need

to | ook very carefully at how the DEHP was sol ubilized.

Thi s i s an unpubl i shed study. This was done
as an NIH contract by Rutter, et al., in which they
adm ni stered varyi ng doses of DEHP admi ni stered neat to
dogs for a four-week peri od over si x days a week. This
was done intravenously. And they had shown at their
| owest dose, which was 25 m | |igramper kil ogramj ust
time averaged for six days a week i s around 21, they were
findingincreased|lung and |iver weights inthese dogs.
There real | y was not a |l ot of hi stopat hol ogy done, but
this was one of the -- there was clinical chemstry done,
but they did notice the increased | ung wei ght. Again
not abl e because t hi s was DEHP t hat was not necessarily
solubilized in a surfactant but adm ni stered neat.

It is alsointeresting to note that in a
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foll owup study, Rutter and col | eagues had t aken DEHP
t hat was sol ubilized fromthe PVCbag -- and naturally
you are not going to be able to get as nmuch DEHP i nto
sol ution, so the DEHP doses are goi ng to be much smal | er.
But hereinasituationthat woul d m m c storage of bl ood
or bl ood products, you are getting | ess DEHP sol ubi li zed
i nto the bl ood or bl ood product, and you are al so getting
no adverse effects noted. Inasimlar study -- this
agai n was done in dogs -- inasimlar study in rats,
Garvin -- and thi s was publishedinanabstract only --
noti ced no adverse effects in pregnant rats with a w de
vari ety of endpoints, but in particular pul mnonary
effects, at dosesupto 3.7 mlligramper kil ogramper
day. So one of the key factors here may be the statein
whi ch DEHP is solubilized and how the effects are
mani f est .

This to ne is a very intriguing study
because experinmental design mmcs aclinical situation
t hat woul d parallel one in which a patient woul d get
| arge vol umes of bl ood transfusion. That would be a
trauma patient or perhaps one that was hypovolem c --
t hi s was done by Dr. Rubin and col | eagues -- i n which
t hey had soni cated DEHP i n pl asnma and t hen added it back
to the packed cellstoreconstitute the hematocrit. And

| think what i s notable hereis that Dr. Rubi n had shown
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that the distributionof DEHPin the pl asma and bl ood was
simlar tothat that youwould findif the DEHP had j ust
been | eached out of the PVC

The experinmental design consisted of two
phases. One in which the rats were bled and then
retransfused at the sane ti ne i n an exchange transf usi on.
The ot her aspect of the studies is wheretherats were
bl ed out and kept hypot ensi ve and hypovol em c for a fi xed
period -- and | believe 30 mnutes -- and then
retransfused. And you findthat even at rel atively high
doses -- nowthey didn't report a LOAEL, but LD-50is up
around 200 ng per kil ogramper day, soarelatively high
dose. But inthis situation where the rats were made
hypovol emi ¢ and held that way, the LOAEL dropped
dramatically, on the order of 8 to 13 mlligram per
kil ogram per day.

Again, | thinkthisisinterestingfor two
reasons. One, that they had taken great care to | ook at
the partitioning of DEHP i n t he bl ood and found that it
was simlar tothat that you woul d expect if t he DEHP had
just |l eached fromthe bag. And al so, this situationin
experinental animals that mmcs what we mght findina
clinical setting.

Agai n, these are very oprelimnary

conclusions. But the effects that we see after |arge
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dose I Vinjection of DEHP t hat has been sol ubilizedin
aqueous nedi a or serumor some surfactant. Wetendto
get greater manifestation of toxicity, pulnmonary
toxicity, than when we see if the DEHP j ust | eaches out
of the PVCbag at clinically rel evant doses. And again
thisisvery prelimnary, because | knowthere are sone
questi ons about this study, but the LOAEL for pul nonary
effects in experinental animals appears to be on the
order of 8 ng per kilogramper day. And as Dr. Chapin
showed, and we wi Il cone back to that when we start to
| ook at the doses that patients are exposedtoin various
clinical scenarios.

Dr. Karl e had di scussed t o sone degree sone
of the cardi ovascul ar effects. We are limted in that
nost of the studies that we have are either invitro or
ex vi vo studi es usi ng profused | ung -- or profused heart
preparations. Sow arelimtedinthe extrapolationto
the in vivo state. But | think these studies may be
relevant and at least in a hazard identification
perspective. Wenwe |l ook at Dr. Rubin's early work, he
had shown t hat a dose of 4 mi crogramper m was |l ethal to
enbryoni ¢ chick heart cells, suggestingthat thereis
sone cardiotoxicity fromDEHP. | have to confess | don't
know how t hi s was sol ubi li zed, but Peterson | ooked at

i njectionof neat DEHP t o dogs had found -- excuse ne,
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this was a profused rat heart preparation, the Peterson
wor k rat her than work i n dogs. This was their LOAEL, 500
m crogramper m, and they were finding effectsinitially
with anincreaseinheart rate and t hen a decrease. And
as the preparation was allowed to proceed, then
eventual |y a decrease inthe anplitude. So a negative
i notropic effect of DEHP sol ubilized.

Again, Dr. Karle had nentioned the Berry
study. This was an profused trabecul ar nuscleinvitro
i nwhichthere were negative inotropic effects across
this dose range.

How does this translate to the clinical
situation? Unfortunately, to ny know edge we don't have
good |V rodent studi es that have | ooked at a range of
cardi ovascul ar effects. When we | ook at the clinical
studi es -- when we | ook at Dr. Karl e's studi es, and we
just heard her nmention that there was no evi dence of
cardi otoxicity in these neonates, and t he endpoi nt t hat
she had | ooked at was echocar di ographically. Wen we
| ook at the Pl onait study that she had al so nenti oned,
thereis nochangeinheart rate. Again, relativetothe
focus of this neeting, this was in patients who were
transfused. No change in systolic or diastolic bl ood
pressure wi thin 24 hours after exchange transfusionin

neonates. So although there is a hint of adverse
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cardi ovascul ar effects that we seeintheinvitro and
t he ex vivo studi es, we aren't necessarily seeing those
translated into the clinical setting.

Hepatic effects really are t he hal | mar k of
DEHP toxi city fol | owm ng oral exposureinrodents. So a
key question would be are we seeing those effects
followng intravenous adm nistration to either
experinmental animal s or hunans? And here the data, |ike
so many endpoi nts, are very m xed. Unfortunately, we
can't say with any certainty that, yes, we are seeing
hepat ot oxicity foll ow ng i ntravenous exposure. And
again, just like so many other endpoints, we are
handi capped by the limted nunber of studies that are
avai |l abl e.

This was a study of Greener, et al., in
whi ch t hey adm ni stered DEHP i ntravenously to t hr ee- day-
oldrats every ot her day, and they sawslightly increased
i ver wei ght and SGOT | evel s, but again the doses were
very high. This was a very short-term study.

The Rutter study that | nmentioned earlier,
the intravenous study in dogs, they had al so seen
slightly increased!liver weight witha LOAEL of 21 ng per
kg per day, notable, I think, becauseit is anon-rodent
st udy.

At | east fromour perspective at the Center
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for Devices, this study that was conduct ed by Jacobson
really represents a key study. This was one i n which
monkeys were chronically transfused with platelets or
pl asma stored i n PVC bags for various periods. Controls
woul d recei ve pl atel ets or plasma stored in pol yet hyl ene
bags. There were a range of subtle hepatic effects
observed in nonkeys that have received these bl ood
products i n PVC, including abnormal |iver/spleen scan
rati os, abnor mal BSP clearance and altered
hi st opat hol ogy, which I think is notable and was al so
observed in six out of the seven ani mal s whi ch recei ved
t he DEHP.

The Jacobson study i s strong for a nunber of
reasons, one of which we had heard about one of the
limtations of the Arcadi study was that they didn't
gquantify the |l evel s of DEHP i n t he dri nki ng water in that
st udy. Here we are fortunate and they were very
meticul ous to have quantified | evels of DEHP in the
pl asma t hat t he nonkeys had recei ved or the pl atel ets,
and were abletoidentify with sonme certainty what the
doses are. Nowthese are neans for the various ani mal s
in the different exposure groups.

It isalsointerestingthat inadditionto
conducting atoxicity study, they had | ooked at t he dose

of DEHP recei ved by patients receiving transfusions on a
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chronic basis that either had aplastic anem a or
| eukemi a. We note that the doses received by these
patients over ayear fall essentially w thintherange of
doses t hat we wer e seei ng adverse ef fects i n nonkeys t hat
were chronically transfused.

Now what are the reasons why this nay be
useful tous as aregul atory agency i n assessingtherisk
posed by pati ent exposure to DEHP? Sone of the strengths
of the study are | had nentioned our [imtations, and we
have so many oral studies and sofewlVstudies. Hereis
an |V study that gives us sone very i nteresting data.
The clinically rel evant route of exposure. W are not
worri ed about those earlier concerns about howis the
DEHP sol ubi | i zed before it is adm ni stered. W have got
chroni c | ong-termexposure, whichisinmportant. W don't
have to worry about effects at an MID or a hi gh dose.
These are all clinically rel evant doses. And i nportant,
we don't have t o worry about many of the concerns t hat
have been rai sed about effects mani fested i nrodents,
particularly as they relate to nmechani snms regarding
per oxi sone proliferation. So we have got a pri nat e nodel
here. However, there are sonme concerns that have been

rai sed about the study and hopefully we will be ableto

di scuss these nore in the question and answer peri od.

The aut hors point out that there was a
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t ubercul osi s out break i nthis col ony of nonkeys and t hat
it isinpossibleor itisdifficult todiscount this as
a confounding factor in the hepatic effects that were
seen. The pl asma was pool ed and t hen retransfused to t he
nonkeys, so the potential exists for a reaction to
foreign proteininthe pooled plasma. One limtation
t hat we al ways have inusing prinmates is the snmall sanple
size. Thisis really goingtolimt us fromdoing a
statistical analysis. But noreinportantly, | thinkit
draws i nt o question sone of the effects that were seen.
And many of the endpoi nts that were assessed were subtl e
effects inendpoints that may not be usual |y assessed in
a patient popul ati on. They woul dn't be liver enzynes,
for exanple, exclusively.

So where do t hese NOAEL' s and LOAEL' s fal |
out? We sawinthe Garvin study and the Rutter study in
whi ch DEHP was al | oned to | each fromt he PVC bags, we are
seeing no effects at around 1 ng per kil ogramper day.
And here in these clinical studies, we are seei ng no
ef fects at doses sonmewhat higher. Dr. Karle, | just put
a question mark here, because | just took your dose from
that circuit Band assunmed t hat occurred over three days.
So this is |like a worst case.

Dr. Karl e had nmenti oned t he Schnei der st udy

when | ooki ng at hepatic effects. There is another study
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by Ganin, inwhichthey had reported that there was an
i ncreased | evel of peroxisones in patients that had
under gone henodi al ysi s, but | think there are a nunber of
concer ns about that study, and | haven't raised that as
evi dence of hepatic toxicity in humans exposed t o DEHP.
But we do have this study that Dr. Karl e had nenti oned,
t he Schnei der study, in which they had seen chol estasi s
inpatients on ECMO. But again, tocounter that, there
wer e no hepatic effects seeninthe Plonait or the Karl e
st udi es.

Again, intrying to put these effects and
the dose at which the effects occur into sone
perspective, one way to do that is to just look at a
mar gi n of exposure. And sinply that i s what effects do
we see adverse effects in experinmental ani mal s or hunans,
and how does that conpare to the dose that humans are
gettinginthis caseinclinical scenarios. And | want
to point out that thisis not arisk assessnent. Because
we are not attenpting to characterize the risk posed by
exposure of patients to given doses of DEHP. This is
really nore of aqualitative evaluation conparison, if
youw Il. And at | east we think that this conmparisonis
only validif you conpare effects and doses t hat occur
across the same routes of exposure and durations of

exposur e, because of the concerns about route-to-route
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extrapol ati on of these effects.

And when we do t hat, what do we see? Again,
| have to nention that these conparisons are very
prelimnary, and they are al|l worst case. W assune t hat
one of the | owest doses that produces adverse effects in
experinmental aninmals foll ow ng intravenous exposure was
seenin Dr. Rubin's study, and the LOAEL for that was
about 8 ng per kil ogram per day.

Dr. Chapi n had nenti oned t he Pet er sen st udy,
inparticular the shortcom ngs of the Petersen study.
So, again, we have sone questions here. He had al so
menti oned the LOAEL for the Sjoberg study. Thisis just
t he 500 di vided by two, because the dosi ng was every
ot her day.

The unpubl i shed Rutter study, we were seeing
pul monary and hepatic effects at a LOAEL of around 20 ng
per kg per day. And again here, we see the disparity
wi th adverse effects in the Jacobson study down t hree
orders of magnitude | ess.

V¢ have a handf ul of studies that have given
us i nformati on on doses of DEHP and MEHP i n pati ents t hat
are being transfused. W can expand thisif we consider
henodi al ysi s and ECMO. But at this point, we will just
consi der doses received by patients undergoing

transfusion. And they may be on t he order between 1.8
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and 4, and the Plonait study, as Dr. Karl e had nenti oned,
t hey may have doses up to 22 and 23 ng per kg per day.

Dr. Rubin earlier had shown for trauma
patients that received | arge transfusi ons, we may be up
on the order of 8 ng per kg per day. And in a nore
chroni c transfusion scenarioinpatients with aplastic
anem a or | eukem a, we are tal ki ng about doses sonewhat
| ess when time averaged over a |long-term peri od.

One of the discussions that | hope we can
foster inthe discussion periodis, again, these studies
are somewhat ol der and in the di scussi on period at the
end of the nmeeting, we have invited a nunber of
clinicians that hopefully will share howthe clinica
practi ce of nedi ci ne has changed, if it has, to affect
t hese dose estinmates. Because we recogni ze t hat t hese
may not be t he nost cont enporary or accurate esti nates
t hat we have at this tinme. And DEHP exposure nmay have
changed in the course of tine.

So how are the doses that patients are
getting conpared to doses that are produci ng adverse
effectsinaninmals? Well, again, if we assune that this
8 ng per kg per day fromDr. Rubin's work represents a
LOAEL, and if at a worst case we take data fromthe
Pl onait study or -- | amsorry, thisis Plonait -- and

Sj oberg, we are finding margi ns of exposure that are

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

130

fairly closeto our LOAEL's that we seen i n experi nent al
ani mal studies. If we |l ook here at the estinmate of dose
that Dr. Rubin had offered for adult traunma patients, we
ar e about one for margi n of exposure. 1n other words,
pati ents are bei ng exposed potentially to DEHP and MEHP
at | evels that may have produced adverse effects in
experimental animals. Those are short-termexposure
scenari os.

Inlonger term we either have a LOAEL from
the Rutter study conpared to doses that Dr. Jacobson had
found -- inthis case, we see a margi n of exposure that
i s consi derabl e, whi ch woul d | essen our concern about the
mani f est ati on of adverse effects inthese patients from
DEHP. But you can see why t he Jacobson study i s so key
to our assessnment of patient risk, inthat if we are
real |y seeing adverse effects in a prinmate nodel here at
t hese very | owdoses, that we nay have sone concern f or
the mani festation of these effects in patients if we
| ooked at very sensitive endpoints.

Anot her way to | ook at margi n of exposureis
not necessarily dose as a ng per kg per day basis, but it
woul d be on concentration. Again, Dr. Karle had
menti oned the Berry study i n whi ch we were seeing-- and
al so t he Rock study i n whi ch we were seeing effects here

at 15 mcrogramper m. 1Inthe S oberg study they had
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measured | evel s of MEHP -- excuse ne, this is MEHP - -
around t he sane | evel s. So, again, the potential exists
fromex vivoandinvitro studies for the manifestation
of cardi ovascul ar effects. But again, inthelimted
nunber of clinical studi es that have been conduct ed, we
are not really seeing theseinthe patient popul ation.
| have two slides here to just sumup. |
have not put concl usion slides, because again we are
still going through the process of assessing the risk of
exposure. But what are sone of the chall enges t hat we
face as a regul atory agency i n assessi ng these ri sks?
Not abl e anobng them our interpretation of the study.
Agai n, | nentioned the Jacobson study and t he Rubi n and
Chang study. How much confidence can we have in the
adverse effects that are seen i n experinental ani mal s,
and can we real ly use those in assessing therisks to
patients. | noted the | ack of parenteral studies. W had
heard fromDr. Chapin sonme of the limtations in the
Arcadi study and ot hers. W woul d | ove t 0 have a st udy
t hat had been done on i ntravenous exposure t hat we have
done sim lar to sonme of the ones that we had seen from
oral exposure. So we even have fewer studi es to assess
for parenteral routes of exposure. Andrenal effects --
we are seeing renal effects in sone experinental ani nals

foll owi ng oral exposure. W are not really seeingthat
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following IV, but that coul d be t o sone ext ent because we
haven't | ooked hard enough.

I nthe absence of parenteral data, we woul d
like to develop sonme methods for route-to-route
extrapol ati on of dose, notably a PBPK nodel, and I
under stand that there are sone efforts underway to do
that, and | think Dr. David will nmention sone of that
wor k.

Again, we would like to get sonme nore
accur at e exposure esti mat es based on current clinical
practice, not what was done 10 or 20 years ago. W& woul d
like to pay particular attention to children or
hypovol em ¢ patients as potenti al sensitive
subpopul ations for the effects of DEHP. W heard that to
sone extent. We had al so heard initially what sonme of
the benefit effects of DEHP are on red bl ood cel
survival. | thinkit isinteresting-- andthese studies
have not been extensively tal ked about -- but we know
t hat DEHP i nhi bi t s phosphol i pase A and sone of the | i po-
oxi genases to i nhibit the production of prostagl andi ns
and ot her net abolites that occur fromthe arachi donic
pat hway. At |east for |ocal effects, DEHP exerts an
anti-inflamuatory effect. The potential exists that DEHP
| eached fromPVCcoul d exert an anti-i nfl anmat ory ef f ect

as well, and I think that is an endpoint that nerits
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further consideration and research.

We al so need to keep -- you know, we are
very focused on DEHP. We need to keep in m nd t hat DEHP
can be convertedto MEHP i n stored pl asma, and t hat ri sk
assessnments need to be conducted for MEHP as wel | as
DEHP. Solet nefinishmy talk there, andif we can hol d
gquestions until the question and answer period.

| would liketointroduce our | ast speaker,
and that is Dr. Raynond David. Dr. David is a
t oxi col ogi st at t he East nan Kodak conpany. He has al so
been very i nvol ved i n t he CVA pht hal at e est er panel, and
| think he will be descri bing sonme work that has been
sponsored by that group.

DR. DAVID: Thank you for staying. Thisis
-- | have one of those envi abl e positions inthe program
of having a talk just before lunch. | guess that is
second only to t he person who has to speak ri ght after
 unch when everyone is half asleep.

What | would like to dois talk to you a
little bit about the ongoi ng research of the phthal ate
esters panel. Certainly you have heard that there are a
nunmber of studi es avail able on DEHP. | think in ny own
personal |ibrary, I probably have nore than 500 or 600
articles and reports on DEHP and its toxicity. And yet,

with this kindof asubstancethat is very well studi ed,
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there are still certain scientific questions or
uncertainties that we are trying to address.

So what | would like to dois just go over
sone of those, particularly as they pertain to this
forum Oneof thethings | want to tal k about are sinply
t he physi cal characteristics of DEHP. Thereis quite a
bit of informationintheliterature about DEHP and what
itswater solubilityis, lipidsolubility, et cetera, and
some of those val ues may not be accurate. | alsowant to
identify sonme of the key toxicity issues and concerns.
You have heard sone of themexpressed here al ready. And
t o showyou what t he panel -- what the producers of DEHP
and ot her phthal ate esters are doing to address t hose
particul ar concerns.

First, | et me tal k about t he
physi cal / chem cal characteristics. |f you goto the open
literature and you | ook at what the water solubilityis
for DEHP - - for exanpl e, you can find val ues t hat range
fromsonewhere around 6 m crograns per liter upto over
300. It turns out that based on a conputer program-- a
conput er anal ysi s done by t he EPA | aboratory i n At hens,
Georgia, thevalueis actually nore like 3 m crograns per
liter, and in fact this nunber has been verified
experinmental ly using aslowstir techni qgueto eval uate

solubility. So sone of the values that |ist DEHP' s water
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solubility as 300 may not be conpletely accurate.

Al so, the octanol/water partitioning
coefficient indicates that this substance is probably
sonet hi ng on t he order of 8-fold nore solubleinlipid
thanit isgoingtobeinwater. Vapor pressureis very
| ow, sothat at anbi ent tenperatures, we woul d anti ci pate
very smal | concentrations of DEHP t o be present inthe
air.

VWhat do these values neanin terns of the
i npact on exposure andtoxicity. Well, first of all, you
woul d not expect very hi gh concentrati ons of DEHP t o be
present in saline bags, |Vtubingthat conein contact
with water. Also, the partitioning is such that you
woul d expect nore DEHP t o be present inthe cell nmenbrane
thanincytosol, andin fact we have al ready seen sone
datatoindicatethat thereis greater concentrationin
the cell nmenbrane than there is in the cytosol. You
woul d al so expect very | owconcentrations in vapor. So
i f you are tal ki ng about a PVCtube used for respiratory
t her apy, you si nply woul d not expect to find a great --
a very high concentration of DEHP t o be present inthe
air, especially if it were humdified air.

So does that nmean that there i s no exposure
to DEHP? Not at all. | amnot tryingtoinply that. |

am only trying to give you a healthy scientific
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skepticisminevaluating some of theinformationwth
respect to concentrations found, and to nake sure that as
you viewthe information, you keepinmndthat DEHP i s
one of the nost conmon | aborat ory contam nants. |n other
words, it isusedinagreat many products that are found
in the clinical |aboratory.

Know ng t hat there i s concentration, though
-- exposure of patients -- let nme turn to sone of the
scientific concerns that we have and t hat our research
programis trying to address. | have put theminto three
general categories. One is what is the nmechani sm of
reproductive and devel opnental toxicity? And | put after
oral exposure because as you have heard, nost of the
i nformati on we have, and in fact nost of the effects that
we have observed, have been fol | owi ng oral adm ni stration
and very little followi ng parenteral adm nistration.

So we want totry and i dentify what those
mechani sms are for reproductive and devel opnent al
toxicity. WIIl that nechanism be applicable to
i ntravenous adm nistration? | think they will be, and |
wi Il show you how | ater on.

We al so want to better understand what t he
nmechani smi s for hepatocel | ul ar carci nogenesi s after oral
adm nistration. Certainly thereis agreat deal that we

now know about hepat ocel | ul ar car ci nogenesi s i n rodents,
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and whet her or not that is applicableto humans t han we
did 20 years ago. But there are still sone questions
that, particularly as they pertainto DEHP, that woul d
hel p resol ve | i ngeri ng questions in the m nds of sone
peopl e.

Al so, what we want to do is | ook at the
applicability of the rodent nodel to humans. There have
al ways been questi ons about just howapplicableisthe
rodent nodel to human exposure. In many cases, it
appears that t he rodent nodel is not the best nodel to
eval uate human toxicity.

So let me first turn to reproductive and
devel opnental toxicity. Knowi ng that there is
reproductive and devel opnental toxicity a fewyears ago
suggest ed, and as Dr. Chapin al ready suggested, thereis
sonme question about whether or not DEHP acts as an
endocrine disrupter. So one focus of our research
programhas been t o eval uat e whet her or not DEHP can act
as an estrogen. We set up a programin which we tested
DEHP and its primary metabolite, MEHP, along with a
nunmber of ot her phthal ate estersinaninvitrosystem
using five di fferent assays. Looking at bindingtothe
estrogen receptor as wel |l as activation of the estrogen
receptor infour different cell types -- MCF-7, whichis

breast cells, HeLa cells, whichis uterine cancer, and
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the yeast cell. Inall of those studi es, DEHP was found
not tobindtothe estrogenreceptor, nor didit activate
t he estrogen receptor. So there were no consequences t hat
we coul d see.

MEHP, if wetest it invitro, doesbindto
t he estrogen receptor, but thereis onactivation. If we
ook at it in the cell system even though there is
binding to the receptor, it apparently is a very non-
speci fi c bi ndi ng because we can not get any activati on.
W wantedto followup thoseinvitroresults indicating
or suggesting at | east that DEHP i s not an estrogen with
invivotests usingtwo different assay systens. Oneis
a ut erotrophi c assay, whi ch nmeasures t he ut eri ne wei ght
i ncreases in ovariectom zed ani mals, and | ooki ng at
vagi nal cornification, sort of a mmc of the estrous
cycle. We found in both cases that DEHP did not
denonstrate an estrogeni c response. And t hose were at
dose | evel s of anywhere from20 to 2000 ng/ kg. That
informati on actual |y supports the concl usion by MIIigan,
who al so | ooked at a uterotrophic type of assay in m ce
and al so found DEHP not to be active.

So it would appear that DEHP is not an
estrogen. It is not acting as an estrogen. But there
may -- we ar e nowl ooki ng at whet her or not DEHP can act

as an androgen or anti-androgen. And we currently have
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a programongoi ng, agai n | ooki ng at DEHP and t he nono-
ester to see whether or not it will bindto the androgen
receptor or whether it activates the androgen receptor in
two di fferent cell types. W want t o see whet her or not
it can acti vate t he androgen recept or and whet her or not
it can bl ock the activity of testosterone inthe androgen
receptor assay.

The results fromEarl Gray that Dr. Chapin
referred to suggested that DEHP doesn't bind to the
androgen receptor. W anticipate that once those in
vitro studi es are conpleted, we wi Il then nove onto an
in vivo assay of androgenicity, just as we did with
estrogenicity. The likely candidate for anin vivo nodel
i s the Hershber ger assay, one t hat was recommended by t he
EDSTAC. We would like to see that particul ar assay
validated first, or any in vivo assay that we use, we
woul d |'i ke to see val i dat ed bef ore we nove forward. But
it seenms |ikely that that is one possibility for anin
Vi vO assay.

The scientificrunor isthat that study has
al ready been done and in fact i s negative for DEHP and
ot her phthalates. If that is the case, that nay not be
much of a surpriseif infact the androgen receptor --
t hat DEHP doesn't bind to the androgen receptor.

So i f there are non-endocri ne nechani sns, we
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want to make sure that we pursue those as well. One
possi bility or one avenue of researchis toidentify what
the active netaboliteis for devel opnental toxicity. Per
Sj oberg showed back in the m d-1980's that he coul d
identify the reproductive toxicant -- in other words, the
nmet abol i t e of DEHP t hat produced the testicul ar effects
t hat were observed. But no one to the best of our
know edge has ever identifiedthe devel opnental toxicant.
And so what we are doing is using arat enbryo culture
assay. W are i ncubati ng ni ne-and-hal f-day enbryos with
serumfromrats that have been exposed with very hi gh
doses of DEHP. Once we can characteri ze the effect on
t he embryo, we are then going to go back and i ncubat e
those rat enbryos with serumfromcontrol ani mals, but
where we wi | | reintroduce different conmponents that we
isolate fromthe serum different netabolites. Andin
doi ng that, we shoul d be abletoidentify which of the
nmet abol i tes gi ves us exactly t he sane characteri stics at
exactly the sanme ki nds of concentrations that we woul d
find in the whole serum

We also are |ooking at whether or not
netal | ot hi oneininductioncanlimt the bioavailability
of zinc. That is a theory that has been proposed for
many years nowthat zi nc bei ng an essenti al el ement for

t he devel opnent of the fetus and netal | ot hi onei n bei ng a
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very inducible proteinin the liver, that one could
i nduce netal l othioneininmaternal |iver, sequester the
zinc fromthe fetus and thereby inhibit the proper
devel opnent of the fetus.

There are sone data -- Peters suggested t hat
that was in fact the case for animals treated with very
hi gh dose | evel s of DEHP. The results have been rat her
unsatisfying so far in terns of identifying that
particul ar mechani sm especially when it comes to
reproductive toxicity or the devel opi ng reproductive
tract in rodents.

Anot her avenue that we are pursuingis just
to better characterize the reproductive and devel opnent al
toxicity. Dr. Chapin already told you that we are
i nvol ved separately instudiestryingto devel op better
data on what the effects actually are for DEHP. W have
a two-generation study currently ongoing. | think at this
poi nt we are in the second generation. Aninals are being
treated with di etary anounts of DEHP rangi ng from100to
around 900 m | | i grans per kil ogram And we are usi ng our
state of the art or at | east current gui deli ne net hods
for evaluating the reproductive effects. So | ooki ng at
anogenital distance in males, |ooking at preputi al
separati on and vagi nal patency and al | of the other early

| andmar k paraneters that are associated now wth
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conducting a good two-generation study.

We al so have i ncluded i nthis study design
| ooki ng at the testes of the pups that were exposedin
utero, but | ooki ng at themusi ng el ectron m croscopy, so
t hat we do not m ss any very subtl e effects that m ght be

present or m ght be overl ooked using alight m croscopy.

We want to better -- once we get a better
under st andi ng of t he mechani sm we want to try and assess
what the actual risk is to the human popul ati on for
reproducti ve and devel opnental toxicity. And so we have
a nunmber of studies that are possible that we are
considering to evaluate that risk, one of which is,
agai n, backtotherat enbryo culture study. |If we can
growrat enbryos in serumfromprinates, we can eval uate
whet her or not there are active netabolitesin primte
serumt hat woul d adversely ef fect the devel opnent of rat
enbryos. That is not an easy experinent todo-- 1 see
Bob sm ling. He knows. Because there are going to be
[imtations to hownuch prinmate serumyou can addtothe
medi umbefore the rat enbryo sinply stops grow ng. There
are, of course, going to be sone nutrients that are
peculiar to the rat.

Anot her possibilityistoidentify what the

active netaboliteisinrats and seeif we can find that
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metabolite in serumfromDEHP-treated primates. Further,
what we want to do and in fact we are in the process of
doing is conducting pharmacokinetic studies using
pregnant primates and rats. The objectiveistol ook at
the tissue dosinetry to the fetus. W have sel ected
mar nosets as our primate. Everytinmel explainthisto
groups, | frequently get a question, why di d we sel ect
t he marnoset? Why not an African green nonkey or a
cynonmol ogous or rhesus nonkey? Actually there are, |
think, some legitimate or validreasons for selecting a
mar noset. First of all, marnosets typically have two
kits or two of fspring per pregnancy. Quite honestly,
t hat gives us tw ce as much opportunity to nmeasure the
dosetothe fetusthanit would froman ordi nary pri mate
or for a different prinmate. We already have sone
phar macoki neti c data for marnosets. Andin fact we have
sone data indicatingthat marnoset seens t o be resi stant

to at | east sone of the effects that we see in rodents.

The questi on of whet her or not a marnoset is
a good representation of a humanis frequently asked, and
t hat was revi ewed by LI ugenot and Cor nu back i n 1995, and
t hei r concl usi on was t hat t he netabol i smin the mar noset
is equivalent to the metabolismin a human. So this

shoul d be a good nodel .
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The study set we are conducting i ncorporate
single and repeated adm nistration. Not only oral
adm ni stration but i ntravenous adm ni stration. Howl ong
t hose exposures will continue is sonething we need to
deci de, because we want to try and capture these
sensitive periods for all of the various endpoints. And
short of dosing the ani mal s gestation, | amnot sureif
we can i ncorporate all of theminto a short period of
tinme. But we certainly want to have repeated
adm ni stration and repeated | Vadm ni stration, which |l
think will hel p sone of theissuesin questionfor the
FDA.

We want to | ook at t he amount of netabolite
inthe placenta and in the fetus to determ ne whet her
thereistransplacental transfer. It is quite possible
that we could find a fair amunt of DEHP or MEHP
associated with the placentaitself, sinply because there
i s agreat deal of nenbrane t here and an exchange. But
we certainly want to determ ne t he body burden for the
fetus. We focused primarily on the fetal |iver and
testes. There have been questi ons about whet her or not
we shoul d i ncl ude t he ki dney as anot her target organ, and
that is sonething that we can certainly consider.

The information that we gather fromthis

wi || hel p us devel op a phar nacoki neti c nodel that we can
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t hen use to assess ri sk in humans fromhunman exposure
short of conducti ng a devel opnental toxicity study ina
pri mate.

Let me spend just a few nonments talking
about the studies that we have ongoi ng on t he mechani sm
of carcinogenesis. Dr. Cunni nghamhas provi ded a great
deal of background information about what is currently
known about t he mechani smof carci nogenesis. | have j ust
i sted sone bul |l et points here, and | only want to add
one or two things. Certainly PPARal phais an inportant
or essential part for |liver carcinogenesi s based onthe
Wet h 14643 study. Humans and gui nea pi gs have f ewer
receptors. | point out guinea pigs, not that they are
particularly close to humans, but they then give us
anot her ani mal nodel that may be sinmlar to hunans t hat
we can then use in experinmentation. Infact, the guinea
pi gs are the ones that have been shown to have al so an
i nactive response el enent.

One paper that just recently canme out
indicated that one could separate the peroxisonme
proliferationresponse fromthe hypolipi dem c response,
at least inrabbits. And |l would be curioustofindif
that were also true for other species such as humans,
whi ch neans you coul d cl early have t herapeutic effects

fromperoxi sonme proliferators such as fibrase, but there
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would be Iless of a concern with respect to
car ci nogenesi s.

So the studi es that we have pl anned usi ng
DEHP and MEHP i s to | ook at peroxi sone proliferationin
human cells. Now, that is not really sonething new.
That was denonstrated back in the m d-1980's by Cliff
Elcom But we also want to include eval uating cell
proliferation and apoptosis, because t hose t wo have not
been eval uated in the human | iver inresponse to DEHP or
MEHP. And we wi | | conpare that tothe effects in guinea
pi gs, thinkingthat those two species nmay act simlarly
since they are both insensitive.

We wi |l then | ook at the response el enent in
human cel I s usi ng acyl CoA oxi dase as a marker. And even
t hough t hi s has been denonstrat ed wi t h anot her per oxi sone
proliferator, we want to denonstrate it with DEHP to
clarify any further i ssues about whet her or not DEHP can
act the sanme or differently from ot her peroxisone
proliferators.

G ven all the research that is ongoing,
there are still certainly some uncertainties that remain.
We have heard these issues brought up throughout.
Questions remai n about whether or not repeating the
Arcadi study, knowi ng that they didn't neasure the | evel s

inthe water and know ng t hat they di dn't neasure wat er
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consunpti on and knowi ng that the water solubilityis very
low. If werepeatedit, wouldthat resol ve t he questi on
about the biol ogical effects that were observed? Quite
honest |y, t here have been a coupl e of studi es in the past
fewyears where dramati c effects have been observed in
ani mal s receiving very | owconcentrations inwater. And
when we try and go back and attenpt toreplicate those
resul ts using nore ani mal s and usi ng better anal yti cal
control s and even conducti ng t he studi es accordingto
good | aboratory practice regul ati ons, you don't get the
sane ki nd of biol ogical effect. And yet, the studies are
still in the literature. So | don't know whet her
repeating this wll actually clear up whatever
uncertainties exist.

O if we are tal ki ng about carci nogenesi s
and we find that in the human |iver sanples that are
al ready tested there are decreased | evel s of PBAR al pha
or the response elenent isinfact inactive, will we have
t 0 go back and test a great nunber of human | i ver sanpl es
t o eval uat e whet her or not there are subpopul ati ons t hat
exi st that may be nore sensitive than the sanpl es that we
have al ready seen.

Ron Brown suggested that doing a prinmate
st udy was a key i ssue or concern for the FDA. | guess we

have towestlew th shouldwetrytorepeat aprinmate
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st udy usi ng what woul d be current techni ques of bl ood or

pl asma i nfusi on, and woul d t hat provide us informationif

we al ready have data fromot her ani mal studi es or from
humans t hat fail to showany ki nd of hepatotoxicity. O

shoul d we conduct an i ntravenous devel opnental toxicity
study if we can identify that the devel opnmental

met abolite, the active netabolite, is not present in
pri mat e serumor i n human bl ood? O that the anount t hat

actually reaches the fetusisvery small? O that the
exposure, based on the procedure used, wi |l provide very
little or no netabolite.

So |l et me just summari ze qui ckly. | think
we can actually break for lunch pretty soon. The
physi cal /chem cal properties are such that the
envi ronnent al exposure certainlyis nuch | ower than nany
peopl e believe, andthat it i s quite possiblethat sone
of the environnmental exposures, eveninthe energency
roomor inaclinical setting, my be | ower than sonme
peopl e expect. W knowthat DEHP i s not estrogenic, and
we are in the process of evaluating whether it is
androgeni c or anti-androgenic in the cl assic sense of the
wor d.

W certainly want to characterize the human
ri sk for reproductive and devel opnental toxicity, and

t here are a nunber of ways that we are using to go about
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todetermne that. W are al so determ ni ng t he nechani sm
of carcinogenicity to determ ne whet her or not thereis
potential for carcinogenesis in humans.

I think al though t he dat a suggest that there
isnoriskor littlerisk, if any, | think fromexposure,
we realize that there are certainly unanswered questi ons
and we are trying to be very responsible inrespondingto
t hese questions and to determ ne what the effectsreally
are. Thank you.

MR. BROMWN: Thank you, Dr. David. | woul d
liketoinvite the speakers fromthis sessionto join
Dr. David up at the table. And I thank all of the
participants for their patiencethis norning. | knowwe
are running late. But | would like to provide an
opportunity for about ten minutes of a question and
answer session. | thinkthat will get us tolunchright
around 12:30. Since | understand thereis a cafeteria
downstairs and upstairs | amtold -- sothere are several
options for the fine Nl Hcui sine -- that perhaps we can
reconvene on schedul e and t hen we woul d be al | set. So
let me ask if there are any questions for the speakers in
this second session today.

PARTI Cl PANT: Herb Cullis, Anerican
Fl uoroseal Corporation. | wouldIliketo ask the panel if

t hey have any comment on t he toxicity of DEHP f or human
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| eukocytes for transfusion. That is ny question. M
preface is this. In 1983, Stevenson reported that
monocyt es coul d not recogni ze antigens i f they had been
stored i n DEHP pl asti ci zed vi nyl bags, and he went onto
develop a teflon bag for the purpose of storing and
gener ati ng nonocytes for transfusion. Later, the Lacsell
Ther api es here found t hat | ynphocytes coul d not replicate
when grown or when attenpted to be grown in DEHP
pl astici zed vi nyl bags, and eventual | y Baxt er devel oped
thelife cell bag, which had | think about -- Joy wi ||
correct ne -- about 8 percent of the DEHP that the
previ ous bags had and that permtted sone growth of
| ymphocytes in bags. That elimnation of all DEHP from
t hose bags provi des about a 30-fold inprovenent in
replication of | ynphocytes. Later Daisy reportedthat
CD34 positive cells wll neither replicate nor
di fferenti ate when stored in DEHP pl asti ci zed vi nyl bags
and went on to devel op another nethod for culture.
Whereas | think Dr. Ness and Dr. Snyder di scussed the red
cells and platelets, these are fully differentiated
cells, and the effect of DEHP may not be seen. It would
seemto nme that the nodel -- or actually not the nodel
but the real thing is the human |ynphocyte. The
i nformati on has been around for at | east 15 years. And

my question againtothe panel is do you have evi dence or
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comment on t he nechani smof toxicity of DEHP on t he hunman
| eukocyt e?

DR. KARLE: | don't know of any. But as a
practici ng neonat ol ogi st, | don't desire to have white
cells transfused to ny babies when | amtransfusing
packed cells. The reactions and i ssues of infection are
norerelatedtowhitecells. Soit is not sonethingl am
concer ned about in ny patient populationat this point in
tinme.

PARTI Cl PANT: ' m John But al a. I am a
t oxi col ogy consul tant working for Aristech. 1 have a
question for Dr. Chapin. Can you hear nme, Bob? Can you
hear me now? The question for Dr. Chapin is that you
made t he point i nyour presentationthat wwthregardto
reproductivetoxicity and DEHP, it is inportant tol ook
at reproductive function and to |l ook at that functionin
ani mal s t hat were exposed prenatal | y and t hen f ol | owed,
of course, post-natally. And then you showed us two
st udi es, one by Ji mLanb that | ooked at nal es and f enal es
and had arel atively high NOAEL for this, and t hen one by
Cottie that had a |low one. And then you kind of
tantalizedus abit, | think, and you told us about Dr.
Davi d' s study and your own study, the nmul ti generation
repro type studies. Andthen ny questiontoyouthenis

do you ant i ci pate data com ng fromone or bot h of these
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ongoi ng studies that will sonmehowhel pinterpret the two
studies that youdidtell us about, and woul d you care to
specul ate on how you m ght integrate these data?

DR. CHAPIN: The studi es that are ongoi ng
are neasuring -- are unique fromthe studies that |
described this norning in that the new studies w |
i ncor por at e bot h functi onal assessnents, whichis to say
they will breed the second generation -- so functi onal
assessnents alongwi th the structural and devel oprent al
m | est one neasures that are currently believed to be
sensitive for finding antiandrogenic activities or
estrogeni c activities of conpounds. So the Lanb study
did not eval uate preputial separation or anogenit al
di st ance or any of those nmeasures of androgenic status in
ani mal s, and di d not eval uate the reproductive function
of the second generation. Arcadi did not evaluate
reproductive function. He | ooked a little bit at
structure, but not at all of the endpoi nts that we are
currently concerned about.

The study t hat Ray descri bed and t he st udy
t hat we have got ongoi ng under our auspices will do both
of those sane things. Those w || hel p put these other --
the Arcadi and the Lanb studies -- into sone cont ext.
But intruth because they are so nuch nore i nclusivein

terns of endpoints, | amnot going to worry yet about our
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ability toor howwe wi |l worry about sort of fol ding all
t hese data together until | see the data.

PARTI Cl PANT: Dal and Juberg with the
I nternati onal Center for Toxi col ogy and Medi ci ne. Avery
simlar questionto either or both Dr. Chapin and Dr.
Davi d. You both nmentioned you have ongoing two
generation reproduction studi es. G ven what we know,
woul d a next | ogical step depending onthe results of
t hose be to eval uat e t he sane study using the I Vroute of
exposure? Wuld that be practical or relevant?

DR. CHAPIN. Ray, | think |l will Iet you do
t hat study.

DR. DAVID: ©h, no, Bob.

DR CHAPIN. M sense, Dal, is that the best
thing to do would be to find the key, npost sensitive
effect inanulti-genoral study andthentotarget the
appropri ate exposure tine using the IV group. And
hopefully that is going to be either -- that wll
probabl y be sone devel opnental sort of exposure wi ndow.
So maybe bet ween t he CMA panel and t he NTP, we can cone
up Wi th sone designthat we are all happy with and see i f
we can sponsor sonet hing li ke that together. Wo knows.
Anyt hi ng i s possi ble. But sonethinglike that woul d be
aninterestingthing. | was wondering if there was a way

that we could-- if we are m ssi ng a boat here and maybe
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| ynphocyte or white cell responses ought to be factored
i nto these things sonehow. Maybe thereis away t hat we
ought to be addi ng t hat under our studi es as well so that
we can conpar e t hose ki nd of endpoi nts al ong wi th what we
currently think are the nost sensitive reproductive
devel opnental points. Maybe we ought to pi ggyback sone
of those things together.

DR. DAVID: | think just to continue what
Bob said, | have concerns, | havetotell you, about the
experi nmental design for repeated adm ni stration, say, to
rodents. | knowthat there are very good t echni ques for
in-dwel ling catheters and perfusion over tinme. And
certainly | amaware that there are | aboratories that are
very good at doing that. | guess ny approach m ght be
first to | ook at whether or not you could use other
t echni ques such as say pharmacoki netics -- you know,
| ooki ng at phar macoki neti c nodel i ng and net abol i smand
identifying nmetabolites as one first step before goingto
t he step of actually doing the study. So nmaybe fromt hat
perspective, Boband | differ inour approaches alittle
bit.

Probably it i s goingto be necessary to have
sone ki nd of an eval uati on of those endpoints in a study
t hat enconpasses what we agree are the sensitive tine

poi nts or time franme duri ng gestati on. What the nodel
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species is and exactly howwe do theml think is still
sonet hing we would need to tal k about.

MR. BROMWN: Sinceit is 12: 30, naybe we can
just have one final question.

DR. SNYDER: Yes. This is sort of in
response to what Herb Cullis had cormented on. As a
bl ood bank director who --

MR. BROAN:. Could | just ask you to state
your nanme and affiliation?

DR. SNYDER: Oh, | amsorry. Ed Snyder from
Yal e Uni versity. As soneone who does a fair anount of
activity with the oncol ogy program the coments t hat
Herb made about white cells and the effect of
pl asticizers may be true, but it should also be
remenber ed t hat over the years the coll ecti on of CD34
positive cells for transpl antati on i n nmachi nes devel oped
-- Am cus, Kobe, Henonetis and a variety of other
conpani es, Procsceni us -- have resulted in engraftment in
8 to 9 days for granul ocytes, and for platelets 10to 14
days routinely. Donor | ynphocyte infusions, CD34
positive selectionwith Tcell negative sel ection and
tunmor sel ection using devices that have tubing that
cont ai n varyi ng anount s of DEHP and a whol e vari ety of
ot her plasticizers all beliethe fact that thereis an

acute toxic effect of these materials. That doesn't nean
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t hey shoul dn't be | ooked at, but clearly | amnot aware
of any studi es that have shown any toxic effects from
these materials. So | don't want -- | think it just
shoul d be stated that clinically it doesn't appear that
thereis aproblem But nevertheless, we may be ableto
do better or find that renmoving sone of these
pl astici zers may be of value. But right nowclinically,
t hey seemto work quite well, even t hough t hey are not
end state cells as you appropriately pointed out.
MR BROMN: Ckay, thank you. | wouldliketo
t hank t he panel and rem nd you that we would like to
convene the third session pronptly at 1:30. Thank you.
(Wher eupon, at 12:32 p. m, the workshop was

adj ourned for lunch to reconvene at 1:35 p.m)
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A-F-T-EFR-NOON S-E-S-S-1-O-N
1:35 p.m
MR. HMANGBO. Now we are goi ng to have t he
third session, thealternativetothe current bl ood bag
materials. Today, we have three manufacturers --
representatives fromthree maj or bl ood bag manuf act uri ng
conpani es. They are manufacturing vari ous bl ood bag
systens with different plastic fornulations andwith a
different plasticizer concentration.
As you know, currently we can store red
bl ood cells for 21 days or 35 days or as |l ong as for 42
daysintherefrigerator dependingontheir plastic film
or dependi ng on the anti coagul ant solutions. W can
store platelets at roomtenperature up to five days.
Qur first speaker i s Dr. Joy Anderson from
Baxt er Heal thcare Corporation. Sheis a Senior Drector,
Medi cal and Scientific Affairs in the Whole Bl ood
Technol ogy G oup of the Fenwal Division. Her talk will be
interesting in that she will discuss manufacturing
requi rements, which we cannot i gnore, and t he bl ood bank
perspectives as wel |l as the vi ewpoi nt of hospitals. Dr.
Ander son?
DR ANDERSON: Good afternoon. Could | have
the first slide, please? Over 30 years ago, plastics

revol utioni zed transfusion therapy. The repl acenent of
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gl ass bottl es by pl asti c contai ners al | owed whol e bl ood
to be separatedintoredcells, platelets and plasmain
a sterile closed systemdi sposable. This neant that
patients coul d receive opti mal transfusion therapy by
recei ving the specific blood conponents they needed
rat her t han whol e bl ood. Patients who were anem c and
needed i nproved oxygen del i very coul d recei ve red cel | s,
whi |l e patients who were i n danger of bl eeding could

receive platelets. These inprovenents in patient care

resulted fromthe use of PVC-based plastic materials.

DEHP pl asti ci zed nedi cal products are w dely
used. Anestimated 5to 7 billion patient days of acute
exposure and 1 to 2 billion days of chroni c exposure have
occurred wi thout report of significant adverse effects.
There is no scientific evidence that DEHP exposure from
nmedi cal products is a human health risk. Aninmal studies
on DEHP cannot be directly extrapolated to humans
recei vi ng bl ood conponents. The hurman exposure | evel s to
this plasticizer duringtransfusion are well bel owrodent
toxicity thresholds. The rodent netaboli smof DEHP i s
di fferent fromhumans, and key rodent nmechani sns such as
per oxi some proliferation are different or absent in
humans.

DEHP does migrate at very low levels in

aqueous solutions. Inlipid-containing solutions, such
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as red cells and pl asnma, nore plasticizer mgrates. It

is inportant to note that substances | each fromall

mat erial s that contact or store solutions. This includes
gl ass bottles, ceramcs and both PVC and non-PVC
materials. @G ass bottles |each netals, salts and
silicates. Ceramcs |each sonme netals and organic
materials. Therefore, it is inportant tol ook at the
whol e spectrumof material properties when choosing a

material for a specific application.

In the case of red cells, a surprising
benefit of DEHP was noted. The presence of DEHP resul ted
in significantly reduced henolysis during red cell
storage. Thisslideillustrates the protective effect of
DEHP on red cells. The pl asma henogl obin | evel inred
cells stored in a non-PVC container was 540 ng per
deciliter, nearly twi ce as high as whenred cells were
stored inaPVCcontai ner with DEHP pl asti ci zer. Thus,
DEHP has been shown to i nprove the quality of transfused
red cel |l s by reduci ng henol ysis. This is one exanpl e of
t he uni que requi renents for the opti numst orage of bl ood
components.

The special challenges involved in
devel opi ng bl ood contai ner materials will be di scussed
fromt hree perspectives; the manufacturing requirenents,

t he bl ood center perspective, and t he vi ewpoi nt of the
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hospital. Any materials for the storage of bl ood have to
neet the unique requirenents of each of these
envi ronnent s.

From a manufacturi ng perspective, bl ood
cont ai ners nust be suitabl e for high vol une producti on.
Wor | d-wi de, we estinmate that over 50 mllion plastic
bl ood contai ner systenms are manufactured each year.
These plastics nust have a nunber of other
characteristicsinorder to be suitable for use. They
must bond satisfactorily with a variety of other
mat eri al s rangi ng fromother plastic fornmulations to
materials as diverse as the needle.

Bl ood container ports, which allow
conponents to be transfused to patients, present a
speci al manufacturing chall enge. The ports nust incl ude
an effective mcrobial barrier and al so bond adequat el y
to the plastic sheeting. The materials nust be
conpati blew th avariety of solutions, includingthe
ant i coagul ant, storage sol utions and t he bl ood conponent s
t hemsel ves. They nust be capabl e of wi t hst andi ng hi gh
t enperatures for a prol onged period of tinme when steam
sterilizationis used. Inaddition, the plastic nateri al

nmust be abl e to be manufactured into a variety of product

configurations to neet varying custonmer requirenments.

Fromt he bl ood center perspective, thereis
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a requirenment for |ow cost, sterile, single-use
di sposabl es. Avariety of product configurations nust be
avail able to neet the need for coll ection, processing and
st orage of a range of bl ood products. For exanpl e, when
t he bl ood center produces red cel I s and pl asna fromwhol e
bl ood donati ons, a doubl e bl ood pack confi gurati on woul d
be used. And when the center produces red cells,
pl atel ets and pl asna, atriple bl ood pack configuration
woul d be required.

The materi al s used i n bl ood cont ai ners nust
have a long shelf life so that the blood center
elimnates the costs associ ated with unused, expired
products. The material s used i n bl ood packs nust be ki nk
resistant, so that the blood flows freely during
col l ection and during conponent preparation.

Mul tiplecentrifugations arerequiredto
separate whole blood into red cells, platelets and
pl asma, and bl ood cont ai ners nust have the strengthto
W t hstand this high Gforce wi thout | eaki ng. The bl ood
contai ner material s nust support the sati sfactory storage
of bl ood conponents under a wi de vari ety of tenperature
condi ti ons. Red cells are stored at refrigerated
tenperatures, platel ets at roomtenperature, and pl asna
is frozen. In addition, the materials must provide

adequat e dating for each conmponent. This allows the
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bl ood center to efficiently manage the i nventory of red
cells and pl atel ets and t o al ways have bl ood conponent s
avai | abl e when patients require them

Transf usi on t her apy practi ces det er m ne nany
of the hospital requirements for bl ood containers.
Before transfusion of red cellsinto patients, the bl ood
must be crossmatched to make sure that the bl ood
transfusion will be conpatible. The use of plastic
tubi ng that can be nmade into segnents all ows these
sanplestoremain attachedtotheredcell unit sothat
there is | ess chance for error. Flexible containers
al l owthe maxi mumanount of each bl ood conponent to be
delivered to the patient. Optical clarity allows a
vi sual quality control check to be perforned before the
transfusionis started. Self-collapsingwalls elimnate
the need for the introduction of sterile air.

I nadditionthese patient-rel ated factors,
there are addi ti onal requirenments that havetodow th
bl ood product storage and adm ni stration. These i ncl ude
the strength to wi t hstand shi pnent fromthe bl ood center,
usage under pressure w thout | eaki ng, and the capability
for further aseptic processing using sterile connection
equi pnment. The containers nust also maintain their
integrity during sudden, extrenme shifts intenperature,

such as nmoving fresh, frozen plasm froma m nus-20
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degree centigrade freezer into a 37 degree centi grade
wat er bath for thaw ng.

PVCis one of the fewmaterials that can
consistently neet this diverse array of requirenments.
However, DEHP pl asticized PVCis not optimal for the
st orage of all bl ood conmponents. For exanple, other
pl asti cs have been devel oped for the storage of platelets
because t hey neet t he uni que requi renents of these cells
much better.

Al ternatives to DEHP pl asti ci zed PVC wer e
devel oped for platel ets, not because of a concern about
saf ety but because these material s provi ded superi or
pl atel et storage. The material s usedin platel et storage
cont ai ners nmust all owfor good exchange of oxygen and
carbon di oxide in order to maxi m ze the shelf Iife and
viability of platelets. DEHP plasticized PVCis not as
per meabl e as other materials, resultingin a platel et
product that can only be stored for three days. PL2209,
PL732, PL2410 and PL3014 pl astics all provi de superi or
pl at el et storage, and t hese are t he cont ai ners request ed
by our custonmers. These materials provide a choice
bet ween a non- DEHP pl asticized PVC and a pol yol efin
container, and all provide five-day platel et dating.

Baxt er has ongoing efforts in materials

devel opnent. We currently have non-DEHP al ternati ves
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avail abl e for the storage of all bl ood conponents. This
slide depicts the alternative materials currently
avail able from Fenwal for the storage of bl ood
conponents. All of these naterials are non-DEHP. Sone
of themare al so non-PVC. The materials vary intheir
ability to withstand autoclaving, in their optical
clarity, andintheir ability to be seal ed using radio
frequency technol ogy. RF sealing is an inportant
consideration in the manufacturing process. Optical
clarity is aconsiderationfromthe user's perspective.
Only those materi al s that can be aut ocl aved are suitabl e
for use in blood packs.

An inportant thingto keepinmndisthe
anount of time, effort and noney that goes into the
devel opnent of bi omedi cal material s such as those |isted
here. A manufacturer can't just decide to order a new
mat eri al today and use it tonorrowor next year or even
three years from now.

This slideillustrates the typical tineline
for devel opnent of a newmaterial, fromthe i dea phase
t hr ough i npl enent at i on and manuf acturi ng scal e-up. The
devel opnent process i s conpl ex and hi ghly di sci plined,
typically requiring five to six years. The nedical
products industry is highly regul ated and there are

specific design control, regulatory and good
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manuf acturing practices that nust be adhered to.

Baxt er has invested approxi mately $200
mlliontowardthe devel opnment of alternative materials
for avariety of applications. O the research prograns
t hat have beeninitiated, approxi mately 50 percent have
shown sufficient prom se to undergo clinical testing and
regul atory subm ssi on.

PL2209 pl astic was devel oped as a single
pl astic that could store all blood conmponents. The
material is acitrate plasticized PVC, so it does not
contain DEHP pl asticizer. The material neets the bl ood
center and hospital requirements for strength, opti cal
clarity andflexibility. PL2209 pl asti c was approved by
the FDAin 1991 for the storage of all bl ood conponents.
It provides t he naxi mumconponent dati ng of 42 days for
redcellsinadditivesolution, 5days for platelets, and
one year for fresh frozen pl asnma.

As part of the devel opnent process for
PL2209 pl astic, we perforned non-clinical pharnmacol ogy
and t oxi col ogy studi es. The eval uati ons perforned usi ng
thefinal plastic formulationareindicated by theletter
P. Studies done using a pl astic extract are indicated by
the letters PE, and those studi es usingthe plasticizer,
BTHC, are indicated with the letter C. This testing

i ncluded red cell and pl at el et storage studi es, and acute
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toxicity studiesinrat, dog, nouse, rabbit and tissue
cul ture nodels. W al so performed subchronic toxicity
studies inrat, neonatal rat and dog nodel s. Peroxi sone
proliferation was studied in a rat nodel. Dernal
toxicity, dermal irritationandocular irritationwere
studiedinrabbits. Fertility and teratol ogy studies
were performed in a rat nodel. Mut ageni city was
eval uat ed. Phar macoki neti c studi es were al so perforned
i ncl udi ng di stribution, netabolismand excretion. There
was no evidence of peroxisone proliferation or
mut ageni city i n any of these studies. Based on these
results and according to well-accepted toxicol ogy
st andards, carcinogenicity tests were not perfornmed.

After the non-clinical pharmacol ogy and
t oxi col ogy testing, extensive clinical testingwas per
formed usi ng PL2209 pl astic. The clinical eval uation
included invitro and radi o-1 abel ed st udi es of CPDwhol e
bl ood, CPD packed cells, and red cells in additive
solution. Redcell antigen preservation was eval uat ed
during storage i n PL2209 pl astic containers. Redcells
t hat were coll ected in PL2209 pl asti c were al so studi ed
foll owi ng freezi ng, thawi ng and degl yceroli zati on. The
st udi es conducted on pl atel ets stored i n PL2209 pl astic
includedinvitro andradi o-1abel ed studi es as well as

clinical transfusion studies in thrombocytopenic
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patients. One year storage studi es were perforned on
plasma with evaluation of coagulation factor and
cryoprecipitate stability.

The devel opnent of this material required an
i nvest ment by Baxter of nore than $35 nmllion. After
mar ket i ntroduction, custoners preferredto use bl ood
packs manufactured from other approved materi al s.
Because of the higher costs invol ved in produci ng PL2209
bl ood packs, this product costs 10to 15 percent nore.
Custoners did not see a need to spend nore noney for a
product t hat was conparabl e to t he one t hey wer e usi ng.
The bl ood pack configurationthat our custoners preferred
and continue to prefer contai ns DEHP pl astici zer inthe
PL146 contai ners used for red cell and pl asma st or age.
PL732 pl astic, whichis apolyolefinnmaterial, is nost
often used for the platelet storage container.

This detail on the product devel opnment
process and our specific experience with PL2209 pl astic
has been di scussedtoillustrate that the devel opnent of
newmaterialsis aconplex, tinme-consum ng, and costly
process which is not always successful.

Fenwal has been a | eader in the transfusion
medi ci ne i ndustry. W pi oneered the devel opnent of the
pl astics that have nmade today's component therapy

possi bl e. Fenwal has i nvested heavily inthe devel opnent
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of alternative materials. W have a variety of non- DEHP
pl asticized materials avail abl e for bl ood conponent
st or age. The specific product configurations we
manuf acture are detern ned by custoner preference.
Citrate plasticized bl ood packs were not accepted by
customers al t hough they net all the requirements for
saf ety and ef fi cacy, custoner usage, and bl ood conponent
st or age. We believe that the array of materials
currently avail abl e provi des for opti numst orage of bl ood
conmponents in a saf e and ef fi caci ous manner. Thank you.

MR. HWANGBO:. Thank you very nuch, Dr.
Anderson. Qur next speaker is M. Ral eigh Carnen of
Medsep Cor poration, fornerly known as Cutter Biol ogi cal s,
a divisionof Pall Medical. Heis Senior Vice President
of Research and Devel opnent. As you renenber, his paper
was nenti oned by our previous speaker and now you are
going to see himin person.

MR. CARMEN. Ms Hwangbo, |[|adies and
gent |l enen, good afternoon. There is quite a bit of
nostalgiaat thisneetingand| will try not toaddtoit
too nuch. | hope you will bear with ne.

Pl asti c equi pnent for processing bl ood and
bl ood conmponents was i ntroduced by Carl Walter in the
| ate 1940's. The material used in this equi pment was

known in the trade as soft vinyl, and thisis really

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

169

pol yvi nyl chl ori de or PVC pol yner bl ended wi th a chem cal
called a plasticizer to nake it soft and flexible.
Pl asticizer, | believe, conmes fromthe German wei t macher,
whi ch neans soft nmaker.

It was inthe m d-1960's when John Ot ti an
and others first drewattentiontothe potential hazards
of the use of plastics in nedicine, and the specific
issue relative to the extraction of plasticizer and
specifically to DEHP plasticizer by stored blood
conmponents was first raisedin 1970. Sincethat tine,
enor nous anount s of time and noney have been expended i n
the search for alternate materials. But after 30 years
of | ooking, plasticized PVC renmains the material of
choi ce for blood bag systens today.

The reasons for this, Joy eludedto, isthat
the procedures used in the preparation of blood
conponents together with the processes used to
manuf acture nmul ti pl e bl ood bag systens i npose areally
uni que set of requirenents that a plastic nust haveto
make a nmodern bl ood bag system

| amnot goi ng to spend nuch ti nme, because
| think Joy did a fine job in just going over the
requi renents that a bl ood bag pl asti c nust have. | do
want to mention onethingrelativeto one point -- can be

licensed -- that seens a bit trite. But there was one
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exanple that | canwell renenber, amaterial referredto
as t hermopl asti ¢ pol yur et hene el ast oner was st udi ed by a
nunber of conpanies. It really possessed al nost -- it
possessed al |l the properties required of afunctional
mul ti pl e bl ood bag systemand it had no pl astici zer. |
am not sure it would have met this requirenent of
relatively lowcost. But in any event, an enornous
amount of tinme and noney was spent onthis, and this had
t o be st opped because of the potential for extraction, |
bel i eve i n nanogramquantities, of nmethyl ene di aniline.
Soit isexanples|likethisthat showyouthedifficulty
of this endeavor.

| can al so attest froma personal standpoi nt
of thedifficulty of this. Wen Cutter was acquired by
a German firm Bayer, who have enornous expertise in
pol ynmers and practice. And once we were part of their
famly, they said just give us all of your materials
probl ems, and we will take care of it. O course our
mai n problemat that tinme-- thiswasintheearly 1970's
--wastofindanalternateto soft vinyl. They saidin
t he typi cal Germani c way, no probl em and began to work
on it. Their approach was to use a nodification of
pol ycar bonat e chem stry. Pol ycarbonate, you are probably
aware of, is avery hard, strong, tough plastic, but it

is possibletonodify the pol ynmer chem stry and nake it
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aflexiblematerial. Sothis was the approach that they
took. After quite a nunmber of man years and a | ot of
Deut schmarks, they finally had to abandon this and
frankly stop the project.

So whi | e soft vinyl replacenent is extrenely
difficult if not inpossible, therearealternatestothe
extractabl e pl asti ci zers such as DEHP. Free benzene ring
buffs -- this shows the structure of DEHP and a pot enti al
alternate, whichis-- the acronymis TOTM You can see
that the structure of these two plasticizersis quite
simlar. DEHP is an ester of a dicarboxylic acid or
thalic acid, and TOTMi s an ester of atricarboxylic acid
or TOTM The al cohol noiety is the sane in both cases,
2- et hyl hexanol .

Now despitethesimlarity instructures,
t hese plasticizers behave quite differently as regards
t he propensity toleave the plastic matrix and enter into
cont ai ned sol utions of particularly fatty nedia like
bl ood and bl ood conponents. This is aconparison of the
rel ative extractionrates of TOTMand DEHP fromst or ed
bl ood conponents. You can see there are two orders of
magni t ude or nore difference. 1In the case of whole
bl ood, a 10-unit transfusion would result in
adm ni stration of about 400 ng of DEHP versus 1 ng of

TOTM Theratioissimlar for platel et products. And
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even at 7 days, assum ng a 10-pack of platelets, the
pati ent woul d be recei vi ng about 210 ng of DEHP per dose
versus 2 for TOTM

Quite a bit of toxicol ogy was done years ago
on TOTMpl asticizer. Thisisjust apartial list of the
st udi es t hat were done. The only adverse effect notedin
al | of these studi es was i n dogs and rats adm ni stered an
extrenel y hi gh dose gi ven the extraction resi stance of 42
nmg per kg per day over a three week period. The no-
ef fect dose was 14 ng per kg. Apatient transfusedw th
a pool of 10 pl atel et concentrates woul d recei ve about
0. 03 ng per kg or about one-five-hundredth of the no-
ef fect dose, so an extrenely |arge safety factor.

At thetinme this work was conpl eted, inview
of the resistance to extraction andthe safety, it was
our planto usethis plastic, PVYCw th TOIMpl asti ci zer,
whi ch we trademarked as CLX. The intent was tousethis
for the entire bl ood bag systemso that all the bags, the
tubing, and all the fitnents and nol ded conponents inthe
fluid path would be of CLX plastic. This plan,
unfortunately, was thwarted by the observation that
you' ve heard about several tinmes today that DEHP, by
virtue of itsmgratingintothe red cell conponent -- in
fact, any plasticizer that mgrates will probably do

this. This has a sal ubrious effect on the red cel
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menbr ane.

Thi s has al ready been eluded to. 1In the
absence of a-- inanon-extracting container such as CLX
or PL732, thereis increased henolysis, quite a decrease
in the norphol ogy scores, and an increased osnotic
fragility. And this effects noted in vitro were
confirmed to be a problemin vivo, as you have heard
about before. Sone of the earlier work was done by Byron
Myhre. As you can see in the case of 21-day storage,
thereis absolutely noissue at all. So you can store
redcellsinCLXfor 21 days with no problem However
when you go beyond that up to 35 days, as you can see
thereis quite adrop off in 24-hour survival, and Jim
AuBuchon has already given these data earlier this
nor ni ng.

So because of these findings, we had CLX
I'icensed only for the storage of platel ets and pl asnmm,
and red cell storageinthe satellite bagswas limtedto
21 days. That is probably a very rare thing done in
practice anyway. However, we continuedtotrytofind
ways of extending red cell storage in non-extracting
contai ners such as CLX. W | earned quite sone tine ago
t hat by the maneuver of renoving | eukocytes fromthe
product prior to storage, we woul d reverse sone of the

effects that were noted. Particularly the increased
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henol ysis was pretty much conpl etely reversed by the
maneuver of pre-storage |eukocytes reduction. The
nmor phol ogy scores, whil e not conpletely corrected were
somewhat corrected as well as the increased osnotic
fragility was partially reversed by renoving the
| eukocytes fromthe product prior to storage in an
unextracting container.

We then | ooked at whet her this maneuver
woul d give us satisfactory in vivo performance wth
storage in aconventional preservative. Thisis abusy
slide. Al | want to point out is the studi es done by
Andr ew Heaton of red cells stored in AS3 preservative
wher e t he | eukocyt es were renoved prior to storage. The
results, although not good enough for |icensure, were
encouragi ng, particularly in the case of the single
| abel , although the double |abel nmethod everyone
consi ders nore rigorous.

What t hese data suggestedto us i s that we
coul d probably bring this about if we woul d i nprove t he
preservation nmedia in conjunction with prestorage
| eukocyt es reduction. W sel ected for study t he approach
put forth by Harry Merriman and his col |l eagues. The
principle of their preservation nmedia was to use a
hypot oni ¢ medium to i nduce osnotic swelling and an

increaseincell surface tension, thereby forestalling
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t he shape change usually associated with stored red
cells. Another maneuver was to have a nmedi umt hat was
low in chloride, and this was done to increase the
intracellular pH via a chloride shift and al so the
extracel | ul ar pHwas i ncreased over standard preservation
medi a.

The solution that we settled on is
desi gnat ed AS6. That doesn't neanthat it is |icensed,
but it i s designhated AS6. As you can see, it contai ns no
new chem cals. These are all used in practice in one
formul ati on or anot her t hroughout the world -- gl ucose
adeni ne, mannitol, phosphate and citrate. The pHis
alkaline, 8.3, andit is hypotonic with an osnolality of
196 mllisonoles per liter.

After getting encouraginginvitroresults,
we went and did red cell survival studies, and these are
summarizedinthisfinal slide. Thisisthetest show ng
that theredcells storedin AS6 preservative and stored
i nanon-extracting container do neet standard for red
cell -- thisis 42-day, by the way -- 42-day storage --
do neet standard for storage, whichis 75 percent. There
isstill aslightly | ess survival conpared to a DEHP
control. These are just barely statistically
significant, but | don't seethat they could be call ed

clinically significant.
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So our plan is to attenpt to have this
systemlicensed and i ntroduce it to the nmarketpl ace. The
acceptance, | woul d not want to predict. Therew | be
sonme added cost to this systembecause t he sol uti on, as
you probabl y not ed, has a hi gh pHand t heref ore cannot be
aut ocl aved as a singl e conponent. It will requiretwo
conponents. This is something that is done in Europe
actual |y now But nmaki ng bl ood bags i nthis way does add
to the cost. Thank you for your attention.

MR. HWANGBO. Thank you very nuch, Dr.
Carmen. Nowwe woul d liketoinvite our | ast speaker,
M. Jeff Mripol of Teruno Corporation. Heis the head
of the business unit. H s headquarters is in Sonerset,
New Jersey. Histalkis goingtobethereality of bl ood
col l ection and storage. He is sayi ng why we ar e where we
are.

DR MR PQL: | thinkI'd rather nove around
alittle bit. Can you all hear ne all right? Again,
t hanks very much for all owi ng ne to cone and speak with
you today. | wantedtogivealittle bit of adifferent
vi ew of bl ood storage and the effect of plasticizers.

What | amgoing todoinny talk today is
gi ve you a very brief history and then a reviewof the
benefits of plasticizedvinyl bl ood containers, many of

whi ch you have al ready heard a nunber of tines and were
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very well summari zed by both Joy and by Ral ei gh and
others. A little review of doses and sone of the
techni cal usefulness and utility of plasticized vinyl
materials, and then finally a little argunentative
pol em c, ideal s versus achi evabl es. Maybe | won't be t oo
argument ati ve.

Of course, prior to plastics, blood was
collected and stored in glass vacuum bottles.
Sterilizationissues, breakage, you coul dn't do conponent
t herapy, glass henolyzed red cells actually fair
actively, thereis no gas exchange, it i s an open airway
systemfor both collection and for the transfusion of
bl ood. As Joy indicated before, it isalsotruly not a
non-| eachabl e materi al .

As was | think mentioned in earlier
speakers, Carl Walters fromMassachusetts devel oped t he
DHP pl asti ci zed vi nyl bl ood bag, whichwas really his, a
surgeon's, response tothe glass bottle situation. He
was concerned about air entry intothe bl ood product. He
was concer ned about sepsis and so forth. | have to give
credit to Dave Bel |l amy and t he group at Fenwal in the
| at e 1950' s and 1960' s t hat devel oped actual |y t he vi nyl
formul ati ons that coul d be manufactured in a routine
manner .

Again, toreiterate what has been nenti oned
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before, froma manufacturing standpoint, vinyls and
pl asticized vinyls in particular have a |ot of
advant ages. Very well understood manufacturing
processes. They lend thensel ves to high degrees of
aut omati on, a hi gh degree of cost reducti on and contr ol
of the materials. Relative ease of sterilizing the
product after the manufacturing process, and this shoul d
not be i gnored because it is very expensiveto actually
trytosterilizesolutions by sterilefilter techniques.
These materi al s obvi ously have a | owshi ppi ng wei ght,
very little breakage, and thereis avery highlevel of
bot h manuf acturi ng and shi pping safety. And the end
result is that you have avery low-- or relatively | ow,
| don't want to say very low-- arelativelylowcost to
the final user for each bag.

At the bl ood center, once againto review
and nmenti on many of the sane things that Joy did, you' ve
got a product which is very easy to ship and to store.
It is very flexible, which allows you to do a | ot of
thingswithit. It isaconpletely closed systemandit
i s an expandi ng bl ood bag wi t h no ai rway, of course. And
you can make, as was nentioned many tinmes, nultiple
conponents -- red cells, platelets, plasm, cryo, et
cetera.

Al so, you can spin the containers inthe
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centrifuge. You can store bags over a wi de range of
conditions. Herel amspeaki ng only of DEHP pl asti ci zed
vinyls frommnus-40to 22 degrees for pl atel et storage.
The plastic materials all ow CGO, to go through and for
oxygen to go t hrough. And as has been nenti oned, DEHP
greatly reduces the red cell storage | esion. And al so
thereis avery highlevel of worker safety. You are not
working with glass materials that can fracture, et
cetera.

At the hospital transfusionsite, you have
got a product -- agai n, as has been nenti oned -- that can
handl e a wi de range of tenperatures. You canuseit in
the water bath. You can use it in the freezer. It
transports easily. Again, no airway when you transfuse.
You can i nfuse platelets, red cells, et cetera, under
hi gh pressure conditions inthe ER, et cetera. And you
can al so, because the system has plastic tubing, et
cetera, youcanaddoninasterilefashionfilters and
ot her bags and so forth.

Finally, and this is a point that shoul d not
be i gnored froma cost standpoi nt, these containers can
be t hrown away very cheaply basically. They are highly
safe. They can be i nci nerated. And again, the factor of
| ow weight is, | think, very inportant.

The patient gets a | ot of benefits from
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this. They have a cl osed systemfor the coll ection,
st or age and processi ng of bl ood. The pati ent has nmuch
| ess of arisk of getting sepsis. Obviously, they are
able to get conponent therapy. They get a bl ood
conponent that is a better bl ood conponent. And then
t hey al so have a hi gh cost benefit here. The bag cost is
typically not much nore than 5 percent of the total
patient's billed cost for the bl ood. You are talking
about a product which is in many respects from a
t echnol ogy standpoint quite conplex, but also quite
i nexpensi ve.

So we as a society, what do we get? W
basically are abl e to get products that allowus to give
speci fic bl ood conponents for specific patient needs. |If
we di dn't have conponent therapy or if red cell storage
was reduced to 21 days or if platel et storage was reduced
to 24 hours or i f we were using glass bottl es, et cetera,
our estimates are that there woul d be at | east a 30 to 40
percent increase in bl ood shortages, and t hat t here woul d
be probably a four tinme increase in bacterial sepsis.
This is very conservative. The other issueisthat it
woul d be very difficult to serve needs overseas and of
course during earthquakes, floods, et cetera.

So goi ng back to arevi ew, agai n, of DEHP as

a plasticizer for these vinyls. Again, as Joy i ndi cat ed,
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itisvirtually the nost widely studied plasticizer. It
appearsto havelittleif any effect on humans. Chronic
exposures -- and again, thereis awde range of studies
-- but in appropriately handled materials, i.e.,
mat eri al s wher e DEHP has been extracted frombl ood bag
materials, not added need et cetera, the chronic
exposures may be upto 6 ng per day. Patients undergoi ng
di al ysis, again avery chronic situation, exhibit bl ood
| evel s of upto 14 m crograns per m post-treatnent, and
of course they do exhibit some MEHP. But, again, the
toxic effects of thisarevirtually not seen. Maybe t hey
are not well understood, but | would contend with
actual Iy al nost 40 to 45 years of use of DEHP pl asti ci zed
vinyl s, one woul d have expected at this point that we
woul d be seeing sonme sort of a great problemin this
area, and we just don't see it.

(Once agai n, pl asma phor esed donors or donors
under goi ng cel |l phoresis do not exhi bit any | evel s of
DEHP, and this is from work of the early 1980's.
Patients receiving cryo -- they nay recei ve as much as 5
ng of DEHP per week. Again, they don't exhi bit any DEHP
or MEHP in their blood. Again, that is fromthe sanme
wor kers, Tucchi and their groupin 1982. True, the doses
of DEHP duri ng an acut e transfusi on situation m ght reach

as nuch as 30 to 100 ng per each transfusi on under very
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extrene condi ti ons, and bl ood products rmay provide upto
70 m crograns per m per infusion. But again, no known
side effects have been observed.

Joy' s nunbers are actual ly greater thanthis
and ny nunbers are probably five years to ei ght years out
of date, but what | am showing here is in terms of
exposure to DEHP. That nunber i s certainly over probably
one billion with bl ood therapy and IV use. Chronic
exposure in excess of 5 mllion patients undergoing
dialysis for multipleyears. And once again, we are not
seei ng any sort of problemeffects with these patients
due to DEHP or due to MEHP.

O course as we' ve al | been di scussi ng, we
wouldliketofinddifferent materials. Baxter has done
avery nicejob |l ookingat other materials. Teruno has
al so | ooked at both other material s and ways to reduce
t he extraction of DEHP. We have devel oped sone
formul ati on changes that result inalittle bit reduced

DEHP i nt o whol e bl ood. We have | ooked at | onger chain

pht hal at es. We have |ooked at vinyl acetates,
olefinates, et cetera. In the last 7 years, we have
spent over $15 mllion | ooking at various materi al s.

Qur results, quitefrankly, are not all that
fantastic. We are able to reduce extraction |l evels so

t hat we can neet t he Pharnacopoei ain Japan, whichis a
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littlestricter interns of total plastic by-products.
But again, we still need to have DEHP for red cel
protection. The other materi al s that we have | ooked at
and t he ot her fornul ati ons cost as nuch as one-thirdto
al nost three tines as nuch, and they suffer fromal ot of
other limtations.

Before I go on to the advantages, the
[imtations, as were nentioned, interns of these ot her
mat erials havetodow ththe fact that DEHP pl asti ci zed
vinyls -- not only do they afford red cell storage
i nprovenents and protection, but you al so have a system
which is easy to manufacture, is good at |ow
t enmperatures, and actually you can make bags t hat can
store platelets, plasma, et cetera, fromthe sane basic
sorts of plastics. Sothe other advant ages, of course --
and we have di scussed t hi s nowa nunber of tinmes during
t he afternoon -- we get greatly reduced red cell |ysis.
We have a material that breathes well, has good | ow
tenperature characteristics. It is not theideal very
low-- it won't work very wel |l at tenperatures down to
m nus-70, but it wll work in a broad range of
tenperatures. Again, it isamterial that is flexible,
easi | y manufactured, | owcost, high benefit. And again,
thereisreally alot of years of use with no apparent

untoward effects.
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So is there a single ideal material for
bl ood col |l ection, storage and processi ng? Again, as
Baxter has i ndi cated, there may not be one single plastic
that i s ideal under all conditions. W have, | think,
probably areas we can agree oninterns of what we woul d
li ke to have a plastic do. We woul d | i ke to be able to
storeredcells for at | east 42 days. Again, as Ral ei gh
i ndicated, they aretryingtodoit by use of a hypotonic
sol uti on, which coul d possi bl y work but has sone ot her
probl ens as well as possibly higher expense. W, |
t hi nk, are agreed we want to store platel ets for at | east
five days and possi bly nore. W want pl asma storage for
multiple years. W want a material that is clear,
col |l apsi bl e, airtight, has got ports, tubings, you can
| abel, et cetera, and it can be sterilized after
manuf acturing and is | ow cost.

If we are looking for a material that is
totally benign, what does that actually nmean? Well,
again, other materials do not allowred cell storageto
42 days outside of the vinyl materials with certain
pl asticizers. Oher material s don't handl e as well in
t he | aboratory or they al so have probl ens at t he bedsi de.
They don't actually col | apse properly. They may cause
ot her problens inthe bl ood center or inthe hospital.

For instance, transport problens. You may not be able to

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

185

| abel themproperly, and so forth. Andthen again, they
may cost nmuch nore. Again, sone plastics nay be too
per meabl e and ot hers not adequate.

So ny concern here i s consequences t hat we
don't intendto actually or expect to see -- unintended
consequences. For instance, in the recent past, one
manuf act urer was abl e t o change t he pl asti ci zer, but that
did | ead to sone custoner problens, including]!loss of
donor labels. It was a higher cost material. W also
| ooked at changes in Europeto a non-vinyl material. It
had probl ens and i ssues in terns of taking pl atel ets and
resuspendi ng themand | oss of pl atel ets on transfusion.
We have t al ked about -- Ral ei gh tal ked about t he use of
pl asticizers that don't allowred cell storage for as
| ong.

What are t he ot her probl ens t hat you are not
seeing that we have not seen with DEHP plasticized
vinyls? |If we do have a newpl astic, it will have to be
studied, | think, as extensively and be able to
denonstrate the sane | evel of safety as we have nowwi th
DEHP pl asticized vinyls. And then finally, are the
resources that we are spendingonthistol ook for new
materials -- arethey actually not really spent el sewhere
nore effectively?

So, again, to be sort of provocative, do we
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want to waste resources i n | ooking for the idea? And
once again, what istheideal? And then whow || pay for
this and what is the real benefit? Once again, Joy
i ndicated that Baxter has a plastic that has been
approved and nobody really wants to buy it inthe States.
It costs nore noney and what i s the real advantage. And
thenreallyisthisreally any | onger a useful area of
research and a useful area for newproduct devel opnent ?
| woul d ki nd of throwout toyou, relativetothe nedical
concerns that we are faced with, to spend a | ot nore
noney inthis areatofindthe ideal material may not be
cost effective. | throwthat out and we can di scuss it
| ater. Thank you.

MR. HWANGBO:  Thank you very much, Dr.
Mripol. Now, speakers please conetothe table for our
guesti ons.

DR. SNYDER: Yes. Ed Snyder fromYale. |
woul d | i ke t o ask a questi on of the panel. Perhaps you
can answer this question. Indoingtheresearchl did
for thetalk | gave, | cane across what Dr. |shi kawa from
t he Japanese Red Cross tal ked about, this gl owdi scharge
treatment. And what it says hereisthat it isaradio
frequency, 110 kil ohertz, 800 watts, 9 second di scharge
under reduced pressure wi th carbon nonoxi de and ar gon,

whi ch apparently fornms sonme kind of across |ink onthe
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DEHP sur face whi ch prevented | eaching. [f it turns out
t hat DEHP and PVC are good, is there any point -- isthis
a proprietary manufacturing step? |Is there sone
nodi fication that m ght decrease the anount of
pl asticizer mgrati on so we maybe can have our cake and
eat it too?

DR. MRIPOL: Well, that is a very good
question, Ed. Yes, | think that there are sone possi bl e
ways. Again, | mentioned briefly that we have reduced to
sonme degree t he anmount of DEHP t hat extracts fromour
materials. But westill have to have DEHP t here getting
intothe final bl ood conponent, at | east theredcell.
It is really not necessary for plasma and it is not
necessary for platel ets obviously. Socertainly we are,
froma manuf act uri ng st andpoi nt, | ooki ng at sone of t hese
met hods and techni ques. | can't tell you whet her they
are going to be cost effective or not. Because one of
the i ssues, at | east early on, is that sonme of this cross
I i nki ng ends up changi ng sone of the plastic properti es,
and that is not so good.

DR. CARMEN: | can add to that. The ampunt
of DEHP needed to stabilize the red cell menbrane is
quite abit | ower than what is actually extracted. | am
pretty suretherearefilns usedin Australiathat use a

bl end of plasticizers -- TOMpl us DEHP, for exanple. And
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t he amount of DEHP extracted is nuch |ower. But |
woul dn't fool around with this gl owdi scharge stuff, I
can tell you.

PARTI Cl PANT: Coul d t he panel discussthis
Excel or the | am nated bag that is used in hospital s?
Woul d that hel p?

DR. M RIPOL: | think what you are tal king
about is a bag that is used for |V solutions,

PARTI Cl PANT: Correct.

DR. MR POL: And it does not, | believe,
col | apse in the sane way t hat vi nyl bl ood bags col | apse.
| don't believeit has the sanme properties, but | amnot
really up on the specific chem cal properties.

DR. CARMEN:. Yes. We have had sone
experiencewiththis, or at | east one of the conponents.
It is apolyester, but it is actually a co-polyester. It
real |y does have sone i nteresting properties. But we had
to abandon it for several reasons, cost particularly.

PARTI Cl PANT: But many of the hospital s use
t hat bag now, do they not? They have gotten away from
the PVC and they all use the Excel or |am nates.

DR. CARMVEN. | think they useit, but it has
got alamnate, andit really doesn't have the properties
for abloodbag. It does for thelVsolution. | amsure

it is fine for that.
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DR. M RIPOL: | think one nore comment on
that. | don't believe it has that |arge of a market
share either. | don't knowif anybody in t he audi ence - -

| don't thinkit has -- you know, | think nmainly because
of cost | don't believeit has the market share of sone
of the other 1V bags.

PARTI CI PANT: | don't agree with that. |
t hi nk peopl e have noved all the way fromPVCinto the
| am nates or sonmething that is other than PVC.

DR. SHEA: Hi, | amKatherine Shea. | am

one of the afternoon panelists fromNorth Carolina. |

was just curious about your custoners. As | was
listening to you talk, | was just wondering if the
custonmers that are not willing to pay the 10 to 15
percent extra -- this is for Joy -- are the hospital

pur chasi ng agents or if they are t he physi ci ans who are
maki ng t he choi ce and t hen sort of directing the hospital
pur chasi ng agents?

DR. ANDERSON: Actual |y, our custoners for
bl ood packs are bl ood centers.

DR. SHEA: Ckay.

DR. ANDERSON:. Who are col |l ecting bl ood and
processi ng conponents. Those are the custoners that |
was referring to when | said that they perceived the

products as basically being conparable.
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DR. SHEA: And those are usually sort of
adul t bl ood banking professional s?

DR. ANDERSON: Yes.

DR. SHEA: Ckay. Sothereisn't sort of a
heavy pedi atric representationinthat custonmer pool ?
Just curious. | nean, so they are the people that run
t he bl ood bl ank?

DR. ANDERSON: They are t he peopl e that run
t he bl ood centers that col | ect and process bloodintothe
conponents, and thenthey inturnsupply it to physicians
who are head of transfusion services at hospitals
t hroughout the U.S.

DR. SHEA: But the decisionis nade before
then? It is nmade at the collection centers?

DR. ANDERSON: Ri ght.

DR. SHEA: Thanks.

PARTI Cl PANT: Stuart Zi mmrer man, FDA, cardio
renal drug products. | was wondering to what extent
there m ght be sone interplay with the pharmaceuti cal
conpanies intermns of possiblytryingtofindpotenti al
unwant ed i nteracti ve effects. Because apparently there
are changes in the body with these. |Is there this
interface or aml inthe wong forumhere? Any conments?

DR. MR PQL: | amnot exactly sure what you

mean by changes in the body. If you would like to
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el abor at e.

PARTI CI PANT: Well, incells. Youknow, we
have heard a | ot about the potential effects of the
oxi dati on process and proliferation effects of these
cells. Wilew are gettinginto biochemstry, the drug
conpani es are com ng up with all kinds of newagents now.
So one wonders if there is any potential synergistic
ef fects bet ween newdrugs and t hei r nechani sns and sone
of these other things. Likeinthe panphlet herel read,
the I ungs i s one concern and cardi o nuscle. Wll, al ot
of drugs are bei ng delivered through the |l ungs now. They
have al | these newinitiatives underway to deal with the
lungs as a delivery system for exanple.

DR. ANDERSON: | think one of the things
that is inportant to renmenber -- because you elude to
sone of the early rodent studies and the toxicol ogy
studies -- is that those studi es, as was addressed this
nor ni ng, were oral feeding studies. Andthe netabolic
properties in the peroxisonme proliferation that is
apparent inrodent nodel s is not the sane nechani smt hat
isactiveinhumans receiving |V blood products. So sone
of these ani mal nodel s, as peopl e el oquent |y di scussed
this norning, arereally not directly applicabletothe
situation of patients receiving blood conponents.

DR. MRIPOL: And alsol would say that Dr.
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Karle's talk | think spoke well tothat. In other words,
t he actual studies in preem es undergoing ECMO. That is
probably the nost relevant human work that | know of.

PARTI Cl PANT: So there is no rel evancy

bet ween drug interactive effects that you can envi si on?

DR. M RI POL: | don't know that that
specific aspect has been studied at all.

PARTI Cl PANT: My naneis Mark Mtchel I, and
| amwith Mtchell Health Consultants in Connecticut. |
m ssed part of the presentation, but | wasn't sureif you
tal ked about -- you were talking a little bit about
pl asticizers as stabilizers or to be used as stabilizers
for red blood cells. And | was wondering if you had
t al ked about ot her types of alternativesto stabilize --
you know, ot her additives that may be used to stabili ze
i nstead of plasticizers.

DR. CARMEN: We di d not, but there are such

chem cal s.
PARTI Cl PANT: Can you talk briefly?
DR. CARMEN: Well, | nean there are -- the
literatureis full of agents. | think Siegert did nost

of the work that will convey a protective effect onthe
red cell nmenbrane.
PARTI Cl PANT: Okay. So there are other

alternatives for stabilization?
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DR. CARMEN: But that would --

PARTI CI PANT: Okay. Thank you.

DR. CARMEN:. -- |ead to other problens.
PARTI Cl PANT: Hi. | amKenneth Green. | am
wi th the Reason Public Policy Institute. | was wondering

i f you know of any correl ati ons bet ween essentially the
i ncreasi ng cost factor of healthcare and the availability
of healthcare. Because thereis a break point at which
t he conpani es produci ng t hese products wi || have t o pass
t he cost onto the consuner. And we knowthat inflation
of healthcare costs is al ready a probl emand i s al ready
keepi ng peopl e out of the system The questionis where
isthetradeof f? Howmany peopl e are at ri sk or what ever
or however small the risk is versus hownany peopl e woul d
be put at ri sk by novi ng to a nore expensi ve substitute?
Do you all know of any information on that regard?

DR. MR POL: Sorry.

DR. ANDERSON: No. | think I will make a
comment, which is not exactly what you are aski ng but
relevant, | believe. Andthat is that I think we should
al so be aware that sonme of this discussion and the
i nplicationthat DEHP pl asticized material s are sonehow
not safe has aninplicationfor public health and does a
di sservice. For exanple, we are awar e t hat some peopl e

who have been donors are nowbelieving that they are at
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ri sk fromdonating blood. |f you ask, | think, anyone
who i s runni ng a bl ood center in transfusion nedici ne,
the predictionis over the next oneto two years that
there will be a shortage of red cells. And so to have
donors believingthat it i s nowunsafe to donate bl ood
products is also acost tothe public health, | believe,
that we really haven't consi dered.

PARTI Cl PANT: Thank you. | agree. The scare
fact or that woul d keep peopl e away fromdonating i s one.
| didIleukophoresis. | gave platel ets when | was a poor
graduat e student -- actual |y, an under graduat e st udent .
Therefore, | have received nore than ny share of
pht hal at e exposure, | amsure. But still, | woulddoit
agai n, since |l chose eating over whatever risk there was.

DR. M RIPOL: Let ne al so make one comrent
onthat. | think the actual dose of phthal ates t hat you
may have received is probably far | ess t han you probably
expect that you received. | think as the recent
literature woul d show, the process of donation -- on
| eukophoresis -- | think I had one slide on that and I
want to comment on that -- i s probably giving you a dose
intherange of amcrogramper m to 5 m crograns per m
at the outside.

PARTI CI PANT: | woul d have expected it to be

nore. Because they renoved about three bags worth or
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three units of bl ood and then put it back inyou, all the
time passing it through yards and yards of tubing.

DR. M RIPOL: That whol e process of DEHP
extraction requires sone tinme as well. It is not
i nst ant aneous.

PARTI Cl PANT: That is true.

PARTI Cl PANT: | m ght address t he questi on
of cost. Herb Cullis, American Fluoroseal. W did
produce pl astici zer-free bags nade of teflon. They did
cost three tines the anount of the Baxter bags, and t hey
wer e not sal eable. So we coul d not sell them Andthat
maybe gives you an idea of the idea of the effect of
cost. | think when you consi der that there are about 12
m |l lion bl ood donati ons a year and per haps t hree bags
associated with each collection, cost is inportant.

DR. M RIPOL: Thank you very nuch.

DR. CARMEN: Thank you.

MR. HMANGBO. | woul d |'i ke to t hank you, our
speakers. Thank you very nuch. And 1l would like to al so
t hank our audi ence for the attention. It is 2:40. W
are going to have a 15-m nute break. So | et's neet at
2: 55, please.

(Wher eupon, at 2:40 p.m off the record
until 3:02 p.m)

CHAI RMAN VOSTAL: Maybe we can get started
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and stay on track. Could you pl ease take your seats?
VWi | e you are taking your seats, | would i ke to take
care of a coupl e of businessitens. Oneis that for the
speakers and panel di scussion nenbers, if you have any
rei mbursenents, there are forns avail abl e at t he desk
outside. So you can fill that out and get sone
rei mbursenments for cab fares and such.

The other point | wouldliketobringupis
a m stake that occurred when we were advertisingthis
wor kshop. There was a m sprint that went out in the
flyer, and it stated that the American Red Cross was
actual ly sponsoring this workshop. That is not true.
This i s sponsored by the Center for Biologics and t he
Center for Devices, and the Ameri can Red Cross di d not
sponsor it or sanction the plasticizer workshop.

We are going to have a very interesting
session com ng up. As we have seen today, a great deal
of studi es have been presented. A nunber of themdate
back 20 or 30 years. So the probl emis howcan one t ake
al | these studi es, maybe 500 to 1, 000 st udi es, and boi |
t hemdown i nt 0 a nessage t hat coul d be easy t o under st and
-- safe or not safe. The short answer for that is that
itisextremely difficult. However, this year we are
fortunate. There have been three i ndependent agenci es

t hat have attenpted to dothis. They have | ooked at t he
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published literature and have done a ri sk assessnent on
whet her DEHP and pht hal at e pl asti ci zers poserisksto
human heal t h.

They are | ooking at the same anmpunt of
published literature. However, sone of the outcones were
a little surprising that they came to different
concl usi ons. So we wer e wonderi ng howt hey managed t o do
t hat, and we asked themt o cone here and explaintheir
ri sk assessment process.

So the first speaker that we are goingto
have today is Dr. M chael Shel by. Heis the Chief of the
Laboratory of Toxicol ogy, Environnmental Toxi col ogy
Program NI EHS.

DR SHELBY: Well, good afternoon. | do not
yet have nmy head i nthe noose, and | will explainwyin
afewnonents. First, | wouldliketointroduceyouto
the NTP Center for the Evaluation of Risks to Human
Repr oduction. This Center was established in June of
1998. It is sponsored by the National Toxi col ogy Program
and the National Institute of Environnental Health
Sciences. It is not aresearch organization. It is a
data literature evaluation expert panel analysis
organi zation that we put into place inthe hopes that we
coul d provi de what woul d be consi dered scientifically

ri gorous, independent and tinely eval uations of the
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i nformati on that m ght be avail abl e on vari ous chem cal s
t o whi ch peopl e are exposed and nm ght pose a hazardto
reproduction or devel opnent.

To followup on the Chairman's comments with
regard to the anount of literature available. It is
interesting. | think the field of toxicology, maybe |ike
all other fields of science, appears to be rather
inefficient. To have 500 or 600 publications avail abl e
on DEHP and anot her 300 or 400 avail able on other
pht hal ate esters and still have all the lingering
guestions seens to speak to the fact that sonehowt he
ri ght studi es weren't bei ng conducted t hrough t he years
t hat t hose studies were carried out. But that is the way
it iswthbenzeneionizingradiation and whatever you
want to think of - dioxins. Sonmehow, after hundreds and
hundr eds of studies, we are still left with questions.
So any concl usi ons t hat are reached, whet her they be by
t he three groups that he menti oned earlier, that don't
agree | thinkis generally areflectionof those gapsin
our know edge.

But onto the Center. The purpose for the
Center isto, as | nentioned, to provide scientifically
ri gorous, unbi ased tinely assessnents of the avail abl e
i nformati on on reproductive risks, and reproductive

i ncl udi ng devel opnental risks for the Center. To present
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t hese concl usi ons of expert panels to the scientific
comuni ty, to government agencies if they are interested,
and tothe publicinterns that are understandable tothe
publi c.

As | go through ny tal k, one of the slides
will speak to the criteria that we use to sel ect
chem cal s for evaluation, and one of those is public
concern. It is anissuethat may not be scientifically
valid. It may or it may not, but it iscertainly avalid
soci al issue and one | think that gover nnment agenci es
such as ours have a responsibility to respond to.

And finally, toidentify critical data gaps
and speci fic research needs, whi ch speaks tothe topic I
menti oned earlier that we don't al ways put our noney
where it is nost needed. If we canclearlyidentifythe
types of research or testing that needs to be done,
per haps alimted anount of additional funding can | ead
to a great reduction in the uncertainties that are
associ ated wi th t he concl usi ons we reach about heal th
ri sks.

The product that we anticipate for this
Center is areport that provides the opinion of this
expert panel onthe scientific strength of the evidence
that a particul ar exposure actually poses a hazard or

rather arisk to human reproduction health and to t he
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health of our children. These nonographs will be

published in Environnental Health Perspectives, The

Journal of NI EHS, and will be avail abl e onthe Center's

Wb site. | have got aslidelater onthat will give you
t he address on the Wb of the Center's Wb page, and t hat
t hese docunents will be presented to the appropriate
regul atory and heal t h agenci es within the state and | ocal
and federal governnent.

The structure of the Center is outlined
here. The Center itself i s made up of scientists from
NI EHS as wel | as froma contractor who runs t he central
officefor the Center. That is Sciences International in
Al exandria, Virginia. John More and Toni Chal et are the
principleinvestigators onthe project. They are at the
contractors. Their support staff, agai n both at NI EHS
and at the contractor. W have got a core conm ttee that
oversees the daily or nonthly operation of the Center,
and this is made up of people fromvari ous gover nnment
agenci es that participate in the National Toxicol ogy
Program Thereis an expert registry, whichcurrently
cont ai ns nanmes, addresses and expertise of perhaps 250
scientists that represent a broad range of di sciplines
fromtoxicology topediatricstostatistics -- awhole
range of expertise that we anticipatew || be useful in

evaluating theliterature onthese eval uations that we
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do. Fromthat registry is drawn the expert panels, 12to
15 i ndi vi dual s, who partici pate as i ndependent scientists
in these evaluations. As | showed you earlier, they
pr oduce t he nonogr aphs whi ch t hen go onto t he Wb site
and intothejournal, and those are distributedtothe
public, government agencies, and the scientific
comruni ty.

The NTP Board of Scientific Counselors
provi des oversight for the Center with regard to its
process and priorities. Andfinally, thereis achem cal
nom nati on process that i s opento anyone -- anyone t hat
feel s that they have a candi date chem cal or exposure or
group of chem cal s t hat are wort hy of eval uati on. That
can be done through a telephone call, a letter,
preferably over our Wb site, where there is a page t hat
permts youto put insonmeinformationthat is useful to
us. And then all nom nations receive consideration.
Again, thisisjust alist of things that are supposedto
represent anyone and everyone from individuals to
organi zati ons and governnent agenci es.

Thisis our Wb siteslide-- cerhr. 1 have
been told | shoul d have spent nore tine and applied ny
creativity to comng up with a nanme that yielded an
acronymt hat woul d be nore nenor abl e than thi s, but that

isall we've got -- cerhr. niehs.nih.gov. Thereis nore
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informationonthis Wb site than sinply specificitens
about the Center andits activities. Onethingthat we
havereally triedtodois providelinks to other -- that
wi |l provide answers to other questions other than
chem cal s and the ri sks t hey may pose t o human heal t h.
Any tine you are dealing with reproductionandfertility
and all those little key words, people are going to
stunble into this site | ooking for other things --
assistedfertilization, socially or sexually transmtted
di seases and t hat ki nd of thing. So we have got a bunch
of | aunch pads for people that cone in here. It is an
interesting Web site. Take a look if you've got a
chance.

It has got a description of the Center. It
provi des a mechani smfor comuni cationwith the Center.
The chem cal nom nation process is in there. The
activities of the Center and full reports and sumari es,
whi ch we are yet to have one, but we are wor ki ng on one.
Links torelated sites, which | was just nentioning. And
i nformati on on pregnancy i ssues of general concern.
These are t he ki nds of things that we wi ||l probably not
be evaluating, but things |ike cigarettes snoking,
whether it is safe to have a glass of wine on Friday
night if you are pregnant. What happens if you get

nmeasl es. Andthere are alot of issues that other expert
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bodi es have al ready addressed, and we have tried to
provi de you with i nformati on on t hose questions. And
finally, inaclosedsection, we have got a comuni cati on
mechani smfor the Center, the core conm ttees and t he
expert panels. That is not on the public side of the
Web.

The chem cal selection criteria, | just
mentioned briefly earlier. These are four of the nmajor
i ssues that we consider. Oneis production volunme. The
second i s human exposure as a chem cal or a cl ass of
chem cal s present inthe environnment or in products to
whi ch t he product are exposed. Hard data in exi stence
i ndicatingthat this chem cal may have reproducti ve or
devel opnental toxicity. Andfinally, as | nmentioned,
public concern about a chem cal or a chem cal m xture.

The first six chem cal s that we consi dered
aregivenonthis slide. They include arsenic, inorganic
arseni c, boric acid, diethyl hexyl phthal ate and rel at ed
pht hal at es, et hyl ene gl ycol, nononet hyl et her, net hanol,
and nicotine or nicotinic acid. The core committee
consi dered we conpi | e dossi ers on t hese and studi ed t hem
and del i berated and i n t he end sel ect ed pht hal ates for
our first expert panel because of wi despread exposure,
hi gh producti on vol une, consuner concern and r econrended

revi ewof phthal ates, especially inchildcare products.
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So it nmet admrably, | suppose, virtually all of the
criteria that we use in selecting chemcals for
eval uati on.

So we ended up not with DEHP al one, but with
some addi ti onal phthal ates. Here are the seven that are
currently under eval uation -- DEHP, butyl benzyl -- you
have heard about sone of these today. Bob Chapin tal ked
about some  of them -- di but yl pht hal at e,
di hexyl pht hal ate, dioctal, di-isononyl, and the di-
i sodecyl phthal ate.

Thi s group of conpounds to varyi ng degr ees
have been studi ed for reproductive and devel opnent al
effects. Several of them have, at |east in rodent
studi es, given evidence of reproductive toxicity or
devel opnmental toxicity. You have al ready heard a coupl e
of speakers tal k about those i ssues earlier today. And
so these are the seven that are currently under
consi deration by our phthal ates expert panel.

The panel net in August of this year for
t wo- and- a- hal f days. These are the nenbers of that

panel, and t hey represent a wi de range of affiliations

and a wi de range of scientific disciplines. It was a
superb panel. | think | and nost people that were in
attendance at that nmeeting -- these are open public

meetings -- was i npressed with theintelligence, the
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dedi cation, and t he process by whi ch t hese panel nenbers
went about their business of evaluating these seven
pht hal at es esters.

It was probably a m stake on nmy part and
t hat of the core comnmttee to sel ect so many chem cal s
for the first round. It is highly unlikely that the
Center will ever again choosetotryto eval uate seven
conpounds i n one panel. The magnitude of theliterature
is excessive. | think thereis right at 1,000 total
references that we are dealing with and nmany
uncertainties, as you have heard earlier today, with

regard to the effects and t he exposure | evel s and t he

exposure regi nens at which those effects are observed.

But we nmet in August. We did not conplete
our deliberations and cone up with our final product.
Anot her nmeeting is schedul ed for Decenber 15 t hr ough 17
of thisyear. This first neeting, the August neeting,
was heldin Al exandria, Virginia. The Decenber neeting
wi ||l be heldinResearch Triangle Park. As | say, it is
an open neeting. Youare welconetoattendif youw sh.
At that point, we hope to conplete this process.

The bul k of the scut wor k has been conpl et ed
by the panel, and that is probably represented in the
first bullet up here, toreviewthe literature and areas

of expertise. So each of the panel nenbers was provi ded
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totheliterature that was relevant totheir expertise
and were askedtoreadit carefullyandcritically andto
provide a sunmarization of that to the other panel
menbers. The entire literature is available to all
menbers of the panel on request. That was conpl et ed.
They al | providedtheir summaries. So the 15 nmenbers of
t hat panel that you sawin the previous slide have got
t he conplete sunmary of the data.

Then at the neetings, the panel wites an
i nt egrat ed eval uati on docunent, which actually distills
all of that information downintoafiveor sixor eight-
page summary and poi nts out the strengths and weaknesses
of the vari ous studi es that have been revi ew. They poi nt
out the research and testing needs. That was conpl et ed
for three of the chem cals by thetinme we conpletedthe
August neeting. The other four -- those are being
revi sed and the ot her four are currently beingwitten
and wi Il be conpleted before the Decenmber neeting.

At that point, the panel will discuss and
reach a consensus on t he i nt egrat ed eval uati ons. That
w il bethefirst part of our Decenber. The | ast thing
that will be donew ||l beto devel op consensus sunmary
statenments -- andthisisvirtually the bottomline-- on
t he reproductive and devel opnmental toxicity of these

seven chem cal s that we are eval uati ng. An eval uati on of
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t he ani mal studi es t hat have been done and an eval uati on
of what we know about human exposure to t hese vari ous
pht hal at es, and howthe toxicity data and t he exposure

data i n humans i nf or n8 us about what hazard or what ri sk

there m ght be to human reproduction and devel opnent.

| think the Chairman this norning -- Ron
Brown, is that right -- was talking about sone
assessnents that he had carried out, and t hese are very
simlar. These arenot inthe strict sense quantitative
ri sk assessnents. They are i nstead a t hor ough eval uati on
of theliterature and basically a qualitative assessnent
of what risks m ght be associ ated wi th exposure to t hese
chem cal s.

It is our hope that these docunents wl |l
gain the respectability and the acceptance of the
scientific conmunity in all corners to the point that
t hese docunent s can be t aken by chem cal manufacturers
and by regul at ory agenci es and by publ i c heal t h advocacy
groups -- whoever wants to use them-- they can accept
themas a scientifically rigorous and t horough docunent
and use those to proceed wi t h what ever assessnent of ri sk
that they are interested in conducting.

Finally, produce a nonograph, as | said
earlier. | nean, this entire package -- not the sumary

of the panel nenbers, but theintegrated eval uati ons and
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t he consensus statenments will conpri se the nonographs
that result fromthe panel's deliberations. That isit.
| cut two-thirds of ny slides out. | will be happy to
answer any questions, | guess, after everyone el se has
tal ked. But pleasegiveus avisit onthe Wb site, and
if you are interested, give ne a call. | think ny
addr ess and phone nunber isinthelist of participants.
Thank you for your attention.

CHAI RMAN VOSTAL: Thank you, Dr. Shel by.
The next speaker will be Dr. Daland Juberg. He is a
toxicologist with the International Center for
Toxi col ogy. He wi || speak about the risk assessnent done
by the American Council on Science and Health.

DR JUBERG Thank you, Jaro. I'dfirst |ike
to t hank Jaro Vostal, the CBER, and t he FDA for gi ving
the Anmerican Council on Science and Health the
opportunity to speak here today and t o present to you for
your consideration their deliberations and their process
t hat they went through in eval uating DEHP i n nedi cal
devi ces.

"1l go astep beyond Dr. Shel by i n sayi ng
t hat since the publication of our or this panel's report,
| felt |ike ny head has been in the noose and actual ly
soneone has been ready to kick the chair out fromtineto

time. But that is okay. | am a believer that
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di sagreenent w || nove us forward. Certainly there may
be sone di sagreenent on what ri sks, i f any, DEHP poses,
but | think collectively today this will give the FDA
sone future thought and consi deration as to howthey
approach DEHP i n medi cal devices.

For those of you -- | did present sonme of
this material at the NTP CEHR neeting i n August. So for
t hose of youthat aresittingthroughthis again, bear
with me. Sonme of it is the same and sonme of it is
different.

Let me briefly start by telling youwhois
t he Aneri can Council on Sci ence and Health. They are
essentially an i ndependent national consuner educati on
consortiumfounded in 1978. They are concerned not only
wi th chem cals, but with public healthissuesrelatedto
food, chem cals, pharmaceuticals, lifestyle, the
envi ronnment, and human heal th. The Council is served by
nor e t han 250 physi ci ans, scientists and policy advi sors
who revi eweach Council publication and participatein
educational activities.

I think it is inportant to point out the
m ssion of ACSH. This mght help you get sone
under st andi ng as t o where t hey were com ng fromduri ng
their deliberationandreview Their toppriorityisto

hel p Aneri cans di stingui sh between real and hypot heti cal
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health risks. The ACSH ai ns to separate the | eadi ng
causes of di sease and death fromthe | eadi ng causes of
unnecessary anxiety and tries to ensure that both
i ndi vi dual heal t h deci si ons and publ i c policies are based
on sound scientific evidence.

Two exanpl es that will serveto give youthe
extrenme. The ACSH, for along tinme, has been a vocal
advocat e on educati ng consuners about the dangers of
ci garette snoking. Conversely -- and | think we woul d
agree that that is al eadi ng prevent abl e cause of di sease
and deat h. Conversely, they were anongst thefirst to
di stinguish and really point out that alar, a growth
regul ator i n apples, really doesn't pose ariskto human
health. This was a fear that started about ten years
ago, and in fact regulatory agencies and other
organi zati ons since then have agreed to thi s view, and so
forth. So what they try todois to distinguishthose
| arge risks fromthe rather small, negligible risks.

Just briefly, | would Ilike to point out a
little bit about sonme of the ACSH publications, their
process and their funding. Al'l publications are
internally and external |y peer revi ewed. I n ot her words,
t hey have a regul ar publication process. And before
anythingis published, they sendit out to sone of their

pol i cy advi sors, just to nmake sure they are not goi ng out
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on a linmb with unscientifically supported statenents.

The particul ar panel report on pht hal at es
was peer revi ewed by three external scientists as part of
t he publication process.

Alittle bit about where their fundi ng cones
from The ACSH does receive support fromnore t han 300
sour ces and nai ntai ns a no-strings-attached donor policy.
It reallyis commttedto publications and positions that
reflect valid and current scientific evidence and
informati on. They, infact, have | ost fundi ng over the
years fromtobacco conpany food divisions that have
dr opped fundi ng once the Council canme out with certain
posi tion statenents and advocacy posi tions on t he dangers
of smoking. Simlarly, they lost funding froma netal
pi pe manuf act urer when t he Council revi ewed and def ended
the safety of properly used plastic piping.

Finally, they do take a public health policy
posi tion. They have taken an aggressive role in
educating the consuner about, again, the dangers of
ci garette snoking. They have al so al erted the public as
to the risks associated with al cohol abuse and the
negl ect of preventive healthcare.

Let me nowturn the attention toward the
review of DEHP in medical devices. VWhy did they

undertake this reviewand for what purpose? Essentially
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because of the concern over charges that certain flexible
devi ces, these bei ng nedi cal devi ces, posed serious ri sk
to human health. It was a charge that was worth
investigating. They saw this as a worthy topic of
eval uati on. And because of its m ssionto apply sound
sci ence to public health concerns, the Council convened
a panel of rel evant experts to eval uate and report on t he
scientific evidence related to concerns over DEHP.

ACSH i s based in New York City, and t hey
certainly did not have the staff or the expertise to
evaluate this type of topic. So what they did was to
convene a panel. Just as Dr. Shel by pointed out his
panelists, | thought it was i nportant to showyou sone of
t he panelists that the Council convened. It was arather
| arger panel, 17 nmenbers chaired by Dr. Koop. It was an
i nternational panel. W had a Canadi an representati ve,
Dr. Ron Brecher. W also had arepresentative fromthe
Net herl ands, Dr. Hans Konemann. Most of these
i ndi viduals are fromacaden ¢ settings. W did have
t hree consul tants on t he panel, those being Dr. Brecher,
Dr. Shayne Gad, representing the nedical device industry
-- not the industry, but he had experience i n medi cal
device regi stration, risks posed by nedi cal devi ces and
so forth. So he represented that particul ar sector.

Finally, Ji mLanb, sonme of whose work was referred to
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early this norning. We needed soneone to eval uate the
reproductive toxicity of DEHP, and so he agreed to serve
on this panel as well. John Higginson, one of the
foundi ng directors of | ARCserved and gave us perspective
on the carcinogenicity of DEHP.

Why such a diverse panel? Wiy did we
convene? Wy didthe Council need 17 experts? | think
essentially as Dr. Shel by eludedto, thisis not sinply
a toxi col ogy problem This concerninvol ves a nunber of
different fields. Andsoit was very critical to have a
di verse panel and a nunber of different nedical and
scientific fields represented. The issue demands
mul ti di sciplinary review. Certainly it involves
exposure, effects, extrapolation of toxicological
ef fects, species specificity, different ani mal nodel s,
met abol i smand many ot hers. So that is why we needed to
convene and get a nunber of different experts to |l ook at
this.

Finally, | put inter-panel chall enge and
di scussion. As you can inmagine with 17 individuals, there
i s a good heal thy di scussi on. There was nuch debat e and
di scussi on anongst thi s panel during the six-nmonthreview
and deliberation. | think this was healthy to the
process. W needed to understand the concerns of the

panel i sts and addr ess t hose and al so deal with t hemand
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answer themif we could. If we couldn't, we needed to
find that out as well.

So froma public health perspective, the
charge to the panel was as follows. This was in the
| etter sent out to prospective panelists. |If the use of
DEHP i n medi cal devi ces poses arisk to human heal t h,
then scientists nust defend that concl usi on and r ecomrend
i nterveni ng neasures to protect public health. O if the
wei ght of the scientific evidence shows no associ ati on
bet ween hunman exposure t o DEHP and adverse effects, then
t hat concl usi on nmust be comruni cated as wel | .

What was this particul ar panel's process for
the evaluation? It nomnally involved prinmary peer
review literature and reviews. Panelists were not
limtedintheir evaluation. |n other words, they were
actual Iy encouraged and charged with | ooking at all the
literature fromtheir particul ar perspective. they did
t hi s over the course of the six nonths. They were asked
to focus on those studi es that are rel evant to t he human
scenario, particularly inthe use of DEHP exposure from
medi cal devices. So this would involve |V exposure
primrily.

I will not discuss the toxicology today.
Cbvi ousl y that has been done quite extensively earlier.

Acriticismof this panel's report is that we did not
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Citecertainstudiesthat served as sone of the source
mat eri al for the concerns. That isinfact true. Wedid
not cite every study that was | ooked at. This panel
| ooked at many, nmany studi es. You have heard of the
hundr eds t hat were i nvol ved. W si nply coul d not | ook at
every study and discuss it indetail inthe panel report.
VWhat the panel did decide to do was to focus on those
rel evant studi es using arel evant route of exposure and
usi ng speci es t hat were perhaps nore sim | ar to humans
than rats and m ce.

Regar di ng t he process, it was i ncunbent upon
me as a facilitator and consultant to this group to nake
sure that all panelists' concerns were addressed. So at
each neeting, | took apoll. | went aroundthe roomand
pol | ed every panel i st to understand the concerns andto
understand issues or areas that they needed nore
i nformati on. Foll ow ng those neetings, | would then
supply those pieces of information to the best of ny
ability. W often went beyond what was avail ableinthe
published literature. W attenpted to get the nost
current information. Wetriedto get the David, et al.,
cancer study, and we got that duringits prepublication.
We got a study -- an exhaustive review by John Dool
| ooki ng at peroxi sone proliferationthat was i n press at

the tinme. | attenpted to contact Dr. Karle, and we
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bounced back and forth and never di d reach each ot her,
but the panel was very interested in whether there were
addi tional data oninfants. So we did not just rely on
what was readi |y avai |l abl e. W of t en went beyond t he cal |
of duty to get information that was not readily
avai l abl e.

I think this panel -- and | was not a nenber
of the panel, as | amnot an enpl oyee of ACSH As |
mentioned, | served as a consultant to that group for
this effort. But what this panel would tell you, I
think, isthat this reviewserved as a snapshot intime.
Really what they did was to take a |ook at the
information, and they truly believedthat the study of
humans shoul d be on humans. And i f not on humans, then
it shoul d be on an ani mal nodel that i s next closest to
humans. So | think that is maybe acritical distinction
insonme of the differences that this panel cane out with
fromthose of others.

I n any event, consensus devel opnent was
inmportant. Follow ng the six-nonth process, if the panel
coul d reach consensus, that was the goal. If it could
not, that was an option as well. They did reach
consensus ultimately, and that is in the published
report.

Finally, what they wanted to do was to
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prepare a public health statement for public
consi deration based ontheir review You have heard from
sone of the researchers and ot her investigators this
norni ng. There is much current ongoi ng research, and
that is certainly avery encouraging sign. | thinkthat
isonly goingto addto what we knowabout DEHP and t he
ri sks or thelack of risks that nmay be associ ated with
its use.

As | nmentioned, a nunmber of areas were
eval uated during this process. The history and use of
t he DEHP, t he hurman evi dence for adverse effects, route
of exposure was critical interns of distinguishingand
determ ning the rel evance of toxicology studies for
humans that are exposed during nedi cal procedures.
Exposur e assessnent i s obviously very critical tothis
process -- netabolism publishedrisk assessnent, sone
fromregul ators and sone fromother countries. This
panel | ooked at a nunber of those. They took into
consi derati on sone of the risk/benefits associated wth
DEHP, and | will talk alittle bit fromthe clinical
perspective when | finish up about sone of the benefits
t hat sone of our clinicians felt very strongly about.
Final Iy, we had sone di scussion on alternative naterials
and whet her there were readi | y avai |l abl e substitutes for

DEHP if it were to be conpletely replaced tonorrow.
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Certainly the toxicology of DEHP i s very
relevant and is a concern to this issue. In that
respect, this group |ooked at carcinogenicity,
genotoxicity, reproductive toxicity. They di scussed somre
of the cardi opul nonary ef fects whi ch have been report ed.
They al so | ooked at |iver and kidney toxicity and in
addition | ooked at toxicol ogical mechani sm

Before | nove on and beginthe |l atter half
of the talk regarding the findings and some of the
consi derations, | et me present to you, | think, what are
sone of the strengths of this panel review. Ineffect,
it was an i ndependent investigation. This was not done
on behal f of the regulatory community. It was not done
on behal f of industry. It was not done on behal f of
t rade associ ati ons or anybody el se. The Council sinply
thought it wastinmetotake al ook at this issue, which
obvi ousl y has been a concern for a nunber of years but
whi ch has heated up over the past two years. It truly
i nvol ved unbi ased, objective experts. Infact, inthe
| etter that was mail ed out to prospective panelists, it
was a requirenent that each panel i st not have previously
made any public statenents or conme out with any advocacy
posi tions on DEHP. We di d not want t hose ki nd of peopl e

on t he panel that had al ready forned a preconcei ved i dea

as to the risk or lack of risk associated with DEHP.
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As | mentioned, and | think goes w thout
saying, it did involve a diversity of experts and
disciplines. It was inportant that we not | eave stones
unturned. It didinvolve aweight of scientific evidence
review. It didn't just |ook at toxicol ogy data or
exposure data or the | ack of effects in sone hunmans. |t
wasn't enough just todothat. W neededto | ook at all
of these areas.

Finally, this report has been peer revi ened
externally and it has been published.

Now, sone of the considerations that this
panel focusedinoninformng sone of its findings and
concl usi ons. DEHP, in their evaluation of the
literature, has been used safely in nmedical device
appl i cations for 40-pl us years. W do have an ext ensi ve
t oxi col ogi cal data base. This is not to say we have a
perfect data base. Infact we don't. Nor dowe, | would
say, for any chem cal. But we do have quite a bit of
data. | amglad to hear that there is additional data
forthcom ng and t hat shoul d hel p us out as well. But we
do know sonet hi ng about t he t oxi col ogy of DEHP. There
are hol es, but this panel felt that despite sonme of those
holes, it did have enough information to reach a
concl usi on about DEHP. It did note that it was

interestedinthe doselevelsthat arerequired for the
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mani f estati on of certaineffects. |nother words, sone
of the toxicology literature will |ead you to the
concl usi on that hi gh doses are needed to reach certain
effects. Thisisnot truefor all effects. But many of
the studies, thereis acritical dose |l evel required.
Thisis alsoto say that for sone of those effects, we do
see no observed effect | evel s or threshold | evel s bel ow
which toxicity is not manifest.

Rout e of exposure is very critical, and |
think thisis another inportant distinction. |n nmedical
applications, IVtends to be the predom nant route of
exposure. So fromdi scussi ons you' ve heard earlier, there
is substantial nmetabolic differences and nmetabolism
di fferences, not only between speci es but i n howpeopl e
nmet abol i ze DEHP fol | owi ng oral versus |V exposures. This
was critical to the panel's deliberation. Finally, |
think i nterspecies differences do exist, andthisis
probably not a point of contention. There does seemto
be some predom nance towards a rodent sensitivity to
certain DEHP ef fects. There tends t o be sone non- human
primate insensitivitytocertaineffects. Thisisnot to
say that primates areresistant toall effects. It just
nmeans t hat ani mal nodel selectionis veryinportant in
terns of extrapolating a certain effect to humans.

So what were the chief panel findings
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followng this qualitativerisk assessnent review. They
found no human evi dence of adverse health effects. They
did note chronic toxicity i s observed i n sone speci es
foll owi ng oral exposures that are above esti mat ed human
exposures. They noted in particular that IV
adm ni strationin humans bypasses acritical enzynmatic
process, that is, hydrolysis in the gut, related to
production of NMEHP that is critical to certain
toxicities. Human pl asma DEHP | evel s during short-term
medi cal procedures may approach sone LCELS froml ong-term
oral animl studies. However, human data have not
reported effects follow ng |V exposure. Ooviously, we
woul d |'i ke to have nore human data, if possible. Andif
those are forthcom ng, we would like to see those.

Finally, and | think this is a very
i mportant point, there areinportant species route and
mechani smspecific factors that preclude direct
extrapol ati on of ani mal toxicol ogi cal data to humans.
Whi | e the ani mal toxicol ogy datais very i nportant and
while it can be useful to us in a risk assessnent
process, | think you cannot -- and this panel wll
support you cannot directly extrapol ate rodent datato
humans. The panel essentially felt there were nore
rel evant studi es whi ch do not support a basis for concern

over DEHP i n nmedi cal devices.
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So to conclude, sonme of the chief
concl usi ons of this particul ar panel. There is no human
evi dence rel ated t o DEHP exposure after 40 years of use.
Toxi col ogi cal studies nore rel evant to hunans do not
support a basis for concern. W had certain clinicians
on the panel that | think felt very strongly about some
of the benefits fromthe use of flexible devicesinthe
clinical setting. Sothis panel wanted to at | east take
a |l ook at those. And for the benefit of the public
heal t h and for benefit of nedi cal care, they wanted to
nment i on and enphasi ze a fewof these particul ar benefits
that fl exi bl e devices afford medicine. Thisisnot to
say t hey have to be DEHP pl asti ci zed, but flexibilityis
acritical key here. W had clinicians that tal ked about
long-term 1V therapy as very dependent on flexible
catheters. Needl e therapy over the short termis okay,
but needl es cannot be used. They areinjurioustothe
vessel s and t hey cannot be mai ntainedin place for | ong-
termt herapy. The procedures invol ving col onoscopy and
esophagoscopy ar e very dependent on fl exi bl e devi ces, and
t he panel felt -- certainclinicians felt very strongly
and had personal stories about the thousands of |ives
t hat have no- doubt been saved t hr ough t he use of fl exible
devi ces such as these interns of detecting previously

undet ect abl e tunors. Patient safety and confort has been
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i ncreased obviously with these two procedures. |f you
had an i nfl exi bl e device, it woul d be | ess confortable.
And finally another exanple is the treatnment of
hydr ocephal us i s very dependent upon t he exi stence of a
soft catheter.

So what didthis group report based ontheir
own consi derations and deli berations and what they
considered to be the essential and relevant data
involving their scientific judgnment as to the
fundanmental s of this overall issue. Wat they concl uded
was t hat DEHP, as used i n nedi cal devices, is not harnful
to humans even under chronic or higher than average
conditi ons of exposure. DEHP confers considerable
benefits to certai n nedi cal devi ces and procedures and
its elimnationwthout a suitable substitute could pose
a significant health risk to sone individuals, these
bei ng ones that are very dependent inaclinical setting
on the use of a flexible device.

The panel did conclude with a few
recommendations, and I will |eave you with those.
Present|y, DEHP-cont ai ni ng nedi cal devi ces shoul d not be
removed fromthe market. Because of their critica
i nportance to certain nmedical applications, DEHP-
cont ai ni ng devi ces shoul d rermai n avai |l abl e for patient

use and to ensure patient safety. Finally, any
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substitutes that may cone al ong, and undoubtedly t here
are some, they should be evaluated in ternms of their
denonstrated functionandreliability and al so arisk
assessnent based on their toxicol ogical profile and
exposure data. As was poi nted out this norning, are we
moving froma "devil" to another devil, or fromone
potential risk toanother potential risk. | thinkif we
do nmove fromDEHP, it is incunmbent that there be an
adequat e t oxi col ogy dat a base equal | y as strong as DEHP,
if not better, and there be denonstrated function.

So that is essentially where this panel
concl uded, and during the discussion, | will try to
answer any questions | can on behal f of t he panel. Thank
you.

DR. NESS: Thank you, Dr. Juberg. The | ast
speaker in this session wouldbe M. Joel Tickner, whois
a research associ ate at the Lowel | Center for Sustainabl e
Production at the University of Massachusetts. He w ||
present the risk assessnent done on behal f of Heal t hcare
W t hout Harm

MR. TI CKNER: Good afternoon. Like Dr.
Juberg, | would like tothank and comrend FDA f or hol di ng
this meeting this afternoon to have sonme open debate on
t he heal th ri sks posed by di et hyl hexyl pht hal ate i n PVC

medi cal devices and the discussion on possible
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alternatives.

Before | begin, just alittle background.
About a year ago -- actually about a year ago t oday, the
Heal t hcare W thout Harm canpaign approached ny
institution, the Lowell Center for Sustainable
Production, tol ook at and revi ewthe health ri sks posed
by di et hyl hexyl pht hal ate i n PVC nedi cal devi ces. The
Heal t hcare Wt hout Harm canpai gn had al ready been
concerned about these nedi cal devices in part because of
t he i ssue of dioxin creation andincineration, but al so
started | ooking at sone of the literature about the
possi bl e heal th ri sks posed by di et hyl hexyl pht hal at e
| eaching fromthese devices.

Just alittle background onthe centers. The
Lowel | Center for Sustainable Productionis aresearch
institute at the University of Massachusetts, Lowel |. W
are located inthe Departnent of Work Envi ronnent. We
are dedi cated to devel opi ng, studying and pronoting
envi ronnment al | y sound syst ens of production, heal t hy work
envi ronnent s and economni cal | y sound wor k or gani zati ons.
VW conduct research, training and outreach to gover nment,
i ndustry and advocacy or gani zations. So we do work with
all three.

The Heal t hcare wi t hout Harmcoalitionis a

br oad- based coalition of nore than 200 organi zati ons
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dedicated to preventing pollution from healthcare
settings. Sone of the nenbers of Heal t hcare Wt hout Harm
i nclude the Anerican Public Health Association, the
Ameri can Nurses Associ ation, the American Oncol ogic
Nur ses Associ ation, and many envi ronnment al groups. This
i s just not a Geenpeace canpaign. This is a broad-based
coal i tion of heal thcare professionals, advocacy groups
and trade unions.

Let nme start off with the key points from
our review. First of all, and npost i nportant and not a
trivial point, is lack of evidence is not evidence of
| acki ng. Thi s shoul d not be confused wi th evi dence of
safety of DEHP. This is aninportant poi nt and sonet hi ng
we teach in basic epidem ol ogy courses, that |ack of
evi dence i s not evi dence of | acking. Thereislittle or
any human evi dence to denonstrate the safety of PVC
medi cal devi ces and DEHP over the past 40 years. Thisis
an inmportant point. As aresult, we nust rely on the
t oxi col ogi cal evidence, becausethereisverylimted
human evi dence. Infact, if we get that human evi dence,
t hat neans we have fail ed as public health scientists. |f
we get human evi dence, that neans peopl e have been
har med.

Second, DEHP is toxic to multiple organ

systens, thecritical effect beingtesticular toxicity in
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t he devel opi ng organi sm

Third, DEHP exposure is highly vari abl e,
al t hough sone subgr oups have si gni fi cant exposures, and
we Wi | | go through sone of that inamnute. Hydrolysis
t o nonoet hyl hexyl pht hal ate, the putative toxicant, is
qualitatively simlar between species and route of
adm ni stration.

And lastly, we will tal k about the rel evance
of the nmechani sns of toxicity in humans. There has been
quite a bit of debate about the rel evance of what is
cal | ed peroxi sone proliferationto humans, and that is
rel evant to carcinogenicity of DEHP, but nuch | ess
rel evant to the other toxicological endpoints.

To start off, our nethods. We undertook a
literature review of both in vitro and in vivo DEHP
exposure, netabolismand toxicity data for the period
1945 t o0 1999. Qur goal was toinclude references that
represented the full spectrumof data. We didn't feel
| i ke we had to have the full data base, just |like the
ot her conmm ttees and ot her researchers, but we felt that
we shoul d be conprehensive.

The next step after doing an initial
literature reviewwas to undert ake bi bl i ographi c searches
based on t hose references and interviews with primry

DEHP r esearchers t o better understand t he uncertai nti es
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and debates within the science. Qur criteria for
inclusioninthe study was, one, addressi ng an i nport ant
aspect of toxicity, exposure and net abol i smof DEHP,
addressing species differences in metabolism and
toxicity, addressing age-rel ated toxicity, addressing
toxicityinmultipleorgansystens, and exani nati on of
key uncertainties.

Qur next step was to do narket research on
alternatives, includingtechnical literature, Wrl dw de
Web searchers and i nterviews wi th manufacturers. Like
the other conmttees, we weren't tryingto cal cul ate an
exact ri sk nunber, but to understand the risk to human
heal t h.

Wthinthis, | amnot going to tal k about
i ndi vi dual studies, but just to note that the vast
majority of theliterature on DEHPis rodent literature.
There is just a handful of primte studies on DEHP
toxicity.

Evi dence in humans. As | said, thereis
l'imted evidence of human ef fects fromcase reports, and
there is limted evidence of no effects from case
reports. But itisquitelimted. Asl said, thereis no
popul ati on- based epi dem ol ogi ¢ studi es, despite these
reconmmendati ons in an Nl H sponsored report in 1975. This

report on di et hyl hexyl pht hal at e f romPVC nmedi cal devi ces
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recommended an epi dem ol ogi ¢ study of dial ysis patients
t o under st and whet her DEHP posed a ri sk, and t hat st udy
was never undertaken.

Even i f such studi es were undertaken froman
epi dem ol ogi ¢ st andpoi nt, they woul d be quite difficult
to conduct for many reasons. First of all, thelong-term
followup of highrisk groupsisquitedifficult. These
areill peopletobeginwith. Andfollow ng up over the
long-termis quiteadifficult task in epidem ol ogy. W
have | ong | at ent peri ods bet ween exposure and effect for
sone of the toxicity endpoints, subtle effects for sone
of them quite a big variability in both exposure and
susceptibility within the human popul ation, and a
ubi qui ative exposure. Diethyl hexyl pht hal ate and t he
pht hal ates in general are anpbng the nost ubi quitous
contam nants in the environnent.

So Dr. John Karns, the em nent ecol ogi st, in

Envi ronnent al Heal t h Per specti ves a coupl e of nont hs ago

wote in an editorial, "Wiile high uncertainty may
obscure both the probability of arisk and t he nagni t ude
of harm wuncertainty does not elimnate risk."

In addressing DEHP disposition in
met abolism first of all DEHPis widely distributedto
mul tipletissues and crosses the placental barrier. |

t hi nk you have heard this all day. DEHPis distributed
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to the lungs, the kidney, the heart, the liver, and
several other organs including the fat. Primry
met abolismto MEHP, which is the toxic netabolite,
appears to be qualitatively simlar between species. In
ot her words, different species netabolize-- all of the
speci es identified netabolize DEHPto MEHP, t hough t here
are di fferences. And you could say thereis probably a
difference in risk between a rodent and a human.
However, there is little known about the secondary
met abolites -- very littleintheliterature about the
secondary netabolites of DEHP. And this is wherethere
isreally differences between rodents and pri mat es and
humans is in secondary netabolites and netabol ysis.

Second, ingestion appears to result in
greater formati on of MEHP, and this is an i nportant but
-- MEHP has been neasured in stored serum The |ipases
i nstored serumconvert DEHP t o MEHP, and i n neonat es and
adults. Several studies have shown that. Poll ock, et
al ., showed t hat equal concentration circul ati ng of MEHP
and DEHP i n di al ysi s patients after |1V DEHP exposure, and
Al bru, et al., neasured MEHP as 18 percent of total
metabolites inurine after transfusion. Soin humans,
DEHP is being converted to MEHP after intravenous
adm ni stration.

There are al so age-rel ated differences in
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met abol i sm For exanpl e, neonates have a nmuch | ower
ability to glucuronidate MEHP into its secondary
met abol i tes, nmeaning that thereis apossibility that
t hey have a | onger retention of MEHP.

Finally, and nost inportant about
di spositioninnetabolismisthat ani mal studi es using
the oral route will provide inportant insights into
potential IV toxicity to humans, because we find in
i ntravenous adm ni stration that conversionfromDEHP toO
MEHP.

DEHP t oxi city. Qur reviewfoundthat DEHP
istoxicor toxicity has been observedintheliver, the
reproductivetract -- the testes, ovari es and secondary
sex organs -- the ki dneys, the lungs, the heart and the
fetus. Again, testicular toxicity appears to be the
critical effect. It happens at a much | ower dose | evel
t han nost of the other effects. However, we foundinthe
literature that effects to the heart, lungs, |iver,
testes and ki dney have been observed in | aboratory
studies or inlimted hunman case reports at | evel s of
exposure that may be experienced in certain clinical
settings. As | said, for sone adverse effects, such as
testicular toxicity, the devel opi ng organi sm fetus and
neonate, i s much nore sensitive thanthe adult. Andthis

isacritical point because nost of the toxicol ogi cal
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literatureis based on adult aninmals. So we have a very
Iimted know edge of what m ght happen in the devel opi ng
or gani sm

Thi s tabl e, which shoul d be i n your handout s
and you probably can't seevery well, isjust alisting
of the different toxicol ogi cal endpoints fromDEHP. | am
not going to go through themjust because of thelimted
time, but that should be in your handouts. It is the
literature that we have | ooked at, part of it. But what
it does showis that some of these effects have been
shown at | evel s that m ght be foundin clinical setting.

Mechani smof effects. This has beenreally
t he area of contention, both that and the netabolism
And t he nechani sns of effects is inportant because DEHP
is what is calleda peroxisone proliferator. Peroxisone
proliferation appears to be necessary for the hepatic
carci nogeni c response in rodents, though the exact
mechani smis still under debate. Thereisaliterature
exam ni ng exact |y how peroxi sone proliferationleads to
t he carci nogeni c or hepat ocar ci nogeni c response. But
thisisjust really about hepatocarci nogenesis. Rodents
have a much hi gher expressi on of PPAR al pha, whichis the
nucl ear receptor necessary for peroxi sonme proliferation,
t han humans. Though peroxi sone proliferationinthe

|iterature appears to be a dose and not speci es- dependent
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phenonenon. In other words, thereis literature that
denonstrates that humans do undergo peroxisone
proliferation. So it is nore a dose rather than a
speci es- dependent phenonmenon. And the variability inthe
human popul ation i s fundanental | y unknown. There i s sone
literature to denonstrate that ol der ani mal s under go
per oxi sone proliferationto a nmuch greater degree than
younger ones.

However, this sanme research on what are
cal | ed knock-out m ce have denonstrated t hat non- hepati c
carci nogeni c effects occur at | east partly i ndependent of
per oxi sone proliferation. That neans that t hese ani nal s,
whi ch were bred wi t hout t he nucl ear recept or PPAR al pha,
do exhibit effects inthe kidneys, thetestes andtothe
fetus, and these effects are at | east partly i ndependent
of peroxisone proliferation. Thus, we concl uded that the
mechani sns of these effects arenultiple and likely to be
rel evant to humans.

W thregards to the carcinogeni c response,
t he hepat ocar ci nogeni c response, we found that thereis
still quite a bit of debate about the exact mechani sm
It is not as conclusive as sonme articles seem to
i ndi cate. And as such, concurringw th our results, the
California Ofice of Health Hazard Assessnent inearly

Mar ch I ssued a st at ement revi ewi ng DEHP
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hepat ocar ci nogeni city sayi ng t hat we have reviewed thi s
literature on peroxisone proliferation and we still
cannot say that exposure is w thout a hepat ocarci nogenic
risk.

Exposure to DEHP. In the literature,
| eachi ng has been i dentifiedfromlV bags and bl ood bags,
tubi ng, dialysis nmenbranes, and catheters during
different procedures. The literature denonstrates that
dialysis patients and high risk infants receive
signi ficant exposures for | ong periods or at critical
junctures in devel opnent -- again, the i ssue hereis
critical junctures in devel opnent, the devel opi ng fetus
or the devel opi ng neonate. What we did find in the
literatureis highly variabl e exposure. Sone rationale
for that highly vari abl e exposure may be t he devi ce, the
stored nmedia, the storage tine, the tenperature and
hum dity under which it is being used, pressure and
agi tation, DEHP content, and study designitself anong
other factors. So there is this wi de range of -- and
surface area, | should say. Thereis this w derange of
vari abl e exposure that is hard to explain in the
literature, but it is variable and it depends on many
different factors.

As such, we concluded that thereisreally

adifficultyincontrolling!leaching exposure anounts
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wi t hout physical nodification of the device. Exposure
wi || be highly vari abl e dependi ng on many factors, and
wi t hout physically nodifying the device, for exanple
putting in a secondary plasticizer or sone kind of
coating, you are going to have a really hard tine
controlling specific |eaching and exposure.

Just to give you an idea of the ranges of
exposur e dependi ng on t he procedure. Henodialysis, .01
to 7.2 ng per kg body weight. Thereal critical oneis
exchange transf usi on and ECMO, whi ch Schnei der found 42
to 140. | knowKarle found quite abit lower. Sothere
isthiswdevariability, but the highinpact or the high
ri sk popul ati ons woul d seemto be those henodi al ysi s
patients and ECMO and exchange transfusion patients.

We al so, in addition to | ooking at DEHP
toxicity, started to |l ook at alternatives to DEHP and
PVC. | think the first point whichisinportant, which
| have heard brought up-- 1 caneinlate, but | heardit
br ought up several tinmes -- is the positive aspects of
DEHP i n terns of | eaching. That it does have a positive
effect instabilizingredbloodcells. However, what we
found was this couldn't be exactly controlled. Soitis
fairly uncontrolled | eaching and variable and not
regul at ed. Any ot her bl ood addi tive woul d be regul at ed

as a bl ood additive. Andwe felt that inlookingat this
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that if DEHP is going to be a positive additive to the
bl ood supply, thenit probably shoul d be regul at ed as an
additive to the bl ood supply.

We | ooked at some of the polyol efin bags
avai l able for platelet-rich plasma, platelets, and fresh
frozen plasma. Sone of the polynmers -- sone of the
ot hers, silicone, EVA, and pol yol efins and pol yur et hene
for tubing. Polyolefinlamnate |V bags are readily
avai | abl e and have up to a 20 percent of the market
share. And thereis this whol e devel opnent in pol yner
i nnovat i on anong t he net al | ocene pol yol ef i ns whi ch have
di stinct properties. W did mke clear, though, that
thereisreally aneedfor innovationinredcell storage
and tubing. Red cell storage, as you all know, has no
alternative to PVC other than using citrates as a
replacenment for DEHP. So there is that need to do
i nnovation. Wat | found -- and we al so at Uni versity of
Massachusetts at Lowel | as a | eadi ng pol yner engi neering
school, and | found that you gi ve a pol yner engi neer a
task todo, andthey will coneupwithasolution. Sol
think alot of this is pushinginnovation. Thereis a
needtoidentify materials that meet existing performance
requi renents at reasonabl e cost, pollute |l ess through
their life cycles, and do not expose patients to

potentially toxic substances.
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I n concl usi on, our reviewfound vari abl e
patient exposure to DEHP with significantly exposed
subpopul ati ons -- again, high risk neonates and
chroni cal |y exposed di al ysis patients and others. There
is alack of epi dem ol ogi cal studi es and evidence as to
t he safety of DEHP or its hazards. However, thereis a
sufficient toxicol ogi cal data basereadily availableto
cause concern about the advisability of exposing the
fetus, neonate, infant, childor chronicallyill adult to
DEHP. And also the current availability of sone
al ternati ves presents a conpel | i ng argunent for novi ng
assertively but carefully to the substitution of other
materials. For applications where no alternative
currently exists, we woul d recommend a dedi cat ed resear ch
and devel opnent programencour aged and supported by FDA
to help identify safer substitutes.

Inclosing, | will just say that our report
has now been subm tted for publicationinseveral peer
reviewjournals, soit shouldbe out inthe scientific
press relatively soon. Thank you very nuch.

CHAI RMAN VOSTAL: Thank you, M. Ti ckner.
| wouldliketoinvitethe speakers at this sessionto
come up tothe front for a question session. It turns
out Dr. Shel by had to catch a pl ane and Dr. Bucher wi ||

step in for him
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DR. BUCHER: | will deflect any questions
t hat M ke woul d have defl ected.

CHAI RMAN VOSTAL: Actually, | was goingto
ask Dr. Shel by a question. | was wondering whet her -- we
hear d about sone studi es thereinthe works right now,
the nmul tigenerational toxicity studies. WII those be
considered in the assessnent of the Center?

DR. BUCHER No. The only datathat will be
consi dered are those peer reviewpublications that will
be finishedor that will beintheliterature prior to
t he Decenber date of the neeting.

DR. CHAPIN. Jaro, can | just nake a coment
about that?

CHAI RMAN VOSTAL: Sure.

DR. BUCHER: | didn't deflect it properly,
is that right?

DR. CHAPIN: No. You dida fine job, Bob.
Bob Chapin, NIHS. One of the points that M ke nmade about
his Center's processisthat it isaniterative process,
and as new data are devel oped, the Center and its
machi nati ons are desi gned explicitly to be able to take
advant age of new data. And while in part we sort of
regret the way the timng onthis has worked out, onthe
other hand it is agreat opportunity for the Center to be

abletousetheiterativeideas there and ki nd of work
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that intothe processthefirst time through. So asthe
new dat a come out, | amsure they will be incorporated
i nt o subsequent revisions. As those data are avail abl e,
t hey ought to be incorporated. |Is that right, John?

DR. BUCHER: Yes, | wll add to that. One
of the purposes of the Reproductive Toxi col ogy Cent er was
to generate research needs. Hopefully, the National
Toxi col ogy Programwoul d then stepinandfill sonme of
t hose research gaps, so that we coul d then answer the
guestions that were rai sed. But the Decenber peer revi ew
wi || not actual |y have any of the data that were referred
to in the two studies.

PARTI Cl PANT: Good afternoon. Kenneth G een
wi th Reason Public Policy Institute. For the gentleman
fromHeal thcare Wthout Harm [t is true that atenant
of epi dem ol ogy i s an absence of evi dence i s not evi dence
of absence. But a fundanental tenant of all scienceis
that you can't prove a negative. And what you are
suggesting i s that sonethi ng nust be proven safe, not
t hat harmnust be denonstrated. So | guess | woul d ask
you, what exactly is the battery of tests that you think
woul d | ead t 0o an out cone of proven safety? And can you
name any si ngl e man- made chem cal or substance t hat can
pass those tests?

MR. TICKNER CGood question. Actually, | am
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not from Healthcare Wthout Harm | am from the
Uni versity of Massachusetts at Lowel |, but representing
the report we did. | don't know whether that is an
appropriate question for this discussion here about any
chem cal and its safety. Cenerally what we dois to
determineinrisk assessnent whet her a chem cal m ght
pose a health effect is to | ook at toxicol ogi cal data
because hunan evi dence is rarely avail able. O course, as
you are sayi ng, you can't prove anyt hing safe. But you
can't say because there i s no evidence that t he evi dence
islacking-- that thereis noharm For exanple, there
have been no epidem ol ogic studiesintheliterature
| ooki ng at DEHP health risks i n nedi cal devices. Now
that -- if there were negative studi es, that woul d be a
different thing. But there are no studies. Andthat is
what was found at the NIHS panel as well.
PARTI Cl PANT: Okay. One foll owon then.
Can you comment on the fact that we have a 30-year
nat ural experinent i n which despite increasing nunbers of
peopl e exposed to phthal ates, including in the nost
vul nerabl e groups you' ve tal ked about, you have an
inversecorrelationinterns of the rates of cancer and
notrendinterns of testicular degeneration, infertility
growt h, spermdeformties -- nothing that has been

substantiated. How do you respond to the natura
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experinment indicating that it doesn't exist.

MR. TICKNER: Well, youwouldn't be ableto
tell froma gl obal popul ati on data of spermcounts and
cancer rat es whet her DEHP exposure fromnedi cal devi ces
actual |l y posed or caused ari sk to humans. Just sci ence
can't dothat. Youcan't take out that little piece from
that big puzzle.

DR. CHAPI N: But in point of fact, thereis
an i ncreased rate of hypospadi as and testi cul ar cancers
t hat have been happeni ng t hat have been reasonabl y wel |
docunent ed and | t hi nk are reasonabl y convi nci ng. Now
what those are due to, nobody has a cl ue.

PARTI CI PANT: And has it been separated from
detection and early detection?

DR. CHAPIN: Yes.

MR. TI CKNER: And | shoul d say, too, that
t hat -- the hypospadi as i ssue i s one of the reasons t hat
t he Nati onal Centers for Environnental Health at CDCi s
| ooki ng very closely at DEHP exposure in the human
popul ati on t hrough urine, and t hey have undert aken a
multi-mlliondollar, multi-year exposure assessnent of
t he human popul ation for phthal ate nono-esters.

PARTI CI PANT: Bob Rubin, Johns Hopkins
University. Aquestionfor M. Tickner. DidIl hear you

state t he peroxi somal proliferation has been denonstrat ed

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

242

in humans? And if so, which experinents?

MR. TICKNER |t has been shown, | believe,
in sone of the experinents | ooking at hypolipidem c
drugs. There has been sone evi dence of peroxi sone
proliferation. Thereis astudy by Ganning, et al., that
t hey found peroxi sone proliferationinliver biopsies of
pati ents undergoi ng dialysis.

PARTI CI PANT: Wththe fibrates, not with
DEHP.

MR. TICKNER: W th which?

PARTI CI PANT: Wth the clofibrates.

MR. TICKNER No, that -- yes, exactly. But
per oxi some proliferation does occur in the hunman
popul ati on i s what that shows you. It shows you t hat
humans are not naturally conpletely resistant to
per oxi some proliferation.

PARTI Cl PANT: But | am not aware of any
evi dence t hat shows t hat DEHP causes proliferationin
humans.

MR. Tl CKNER: Agai n, Ganning, et al.,
exam ned | i ver bi opsi es of pati ents undergoi ng di al ysi s
and found that after six nonths, there wasn't peroxi sone
proliferation, but after one year they observed
per oxi some proliferationinliver biopsies of patients

under goi ng di al ysis using DEHP pl asticide devices.
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PARTI CI PANT: But that i s not evi dence that
DEHP did it.

MR. Tl CKNER: Well, that was their
concl usion. And | nust add, though, despite that, even
i f peroxisone proliferationis not rel evant to humans, we
know t hat these other effects occur at |east partly
i ndependent of peroxisome proliferation.

CHAI RMAN VOSTAL: Joel, | have a question

for you. Inyour center, isthat -- therisk assessnent

was done by an expert panel or how was that conducted?

MR. TICKNER: 1t was done by nyself with
several other researchers where we wor ked wi t h ot her
researchers. But the main witing was done by nysel f and
about four others. Then the report was submtted for
bot h i nt ernal and external revi ew. And any of you from
academ a can support ne i n saying that your col | eagues
are t he toughest peer revi ewers you can have. And | can
tell you that it was as ri gorous a peer review as any
docunment | have done.

CHAI RVAN VOSTAL: Maybe a question for Dr.
Juberg. Do you think there are any nore studi es that

shoul d be done, or do you t hink that we have actually

answered all the questions in ternms of DEHP toxicity?

DR. JUBERG | guess -- as | said during ny

talk, I think the current ongoing research is very
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interesting. It wll be thought-provoking. It wll
particularly beinterestingto see howregulatorsinthe
ri sk assessnment community apply those studies to the
current risk assessnment of DEHP i n nedi cal devices. In
terms of ot her ongoi ng research, | think our panel felt
very confortablewiththeinformationit hadinterns of
reaching the conclusionit had. So right now, I woul d
say the answer would be no. Certainly if there were
ot her human data that cone to light, they woul d be very
interested in that. But in ternms of providing or
pr oposi ng ot her addi ti onal toxicol ogi cal studies, the
panel didn't have any particul ar thoughts there.

CHAI RMAN VOSTAL: If there are no other
gquestions, thank you very nuch. W wi |l just nove onto
t he next session, which is going to be the panel
di scussi on. The panel di scussionw || be noderated by
Dr. Mel Stratnmeyer fromthe Center for Devices.

DR. STRATMEYER: If you think it is bad
having to tal k just before lunch, try tal ki ng about 11
hours intoaneeting. First of all, uptothis point I
t hi nk everybody real i zes that this workshop has deal t
with scientific issues regarding the toxicol ogy and
efficacy of plasticizers in blood bags. You've al so
heard the perspective and the activities of various

groups onthe use of plasticizersinthis context. This
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particul ar panel, however, is represented by a w de
vari ety of clinical disciplines, includingtransfusion
medi ci ne, intensive care and clinical toxicology.

The pur pose of this panel discussionisto
integratethe information di scussed earlier today, and
t he panelists' general know edge of DEHP and ot her
pl asticizers andtointegrate this with the clinical
experience to address the question of human risk from
pl asticizers in blood bags. Questions have been
presented to the panelists to facilitate di scussion.
However, di scussion pertinent totheissue need not be
restricted to these questions, and although it is not
listedinthe agenda, | intendto open upthe sessionto
gquestions fromthe audi ence at the end. So don't go
away, you wi || get the chance to ask t he panel i sts sone
guesti ons.

Now | et nme introduce the panel nenbers.
Pl ease rai se your hands, because | can't see all of the
signs there. First of all, you have net sonme of them
al ready. Janes AuBuchon frombDartnout h H t chcock Medi cal
Center. Heis the Drector of Bl ood Bank and Tr ansf usi on
Service. Ed Snyder -- Dr. Ed Snyder. He is the Director
of t he Bl ood Bank and Aphoresi s Servi ce at Yal e New Haven
Hospital. And Dr. Naom Luban, who is at Children's

Hospital, Washington, D.C. She is the Director of
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Transfusion Medicine there. Dr. Katherine Shea, a
pedi atrici an associ ated with MM | | an and Moss Resear ch
| ncorporated. She is al so a nenber of the Phthal ates
Expert Panel for the Center for the Evaluation of Riskto
Human Reproduction. Dr. Scott Phillips, Heal th Sci ences
Center, University of Colorado at Denver. Heis into
clinical toxicology. And Dr. Peter Oris, with the
Departnment of Occupational Medicine at Cook County
Hospital. He is also a professor of preventive and
i nternal nedicine at Rush Medi cal Col |l ege. And then Dr.
May Jacobson, whois with Children' s Hospital at Boston.
Dr. Jacobsonis a co-investigator of the study regarding
t he ef fect of DEHP on hepatic functionin histologyin
nonkeys.

Sowiththat, | would like to go ontothe
first question, please. Qur answers wll be nore
i nteresting than the questions. |f DEHP was renoved from
use i n bl ood st orage bags, what i npact woul d t hat have on
the availability of red cells for transfusion. Andif
DEHP was renpoved from use in blood collection sets
i ncludi ng tubing, what inpact would that have on
transfusion practices. Again, | hope that with their
clinical background, wewi |l get alittlebit of anidea
of exactly what i s going on with exposure to DEHP t oday.

DR. SNYDER: Well, I think the first thing
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that -- thefirst part of this questionthat you haveto
answer is how quickly is this going to happen? If it
happened tonorrow, it woul d destroy transfusion practice
because we don't have anythingtoreplaceit. If there
is areplacenent that is avail abl e and t he manuf acturers
can provide it, lifewwuldgoon. Soit is not so nuch
a probl emof | oss of DEHP woul d be an adverse effect. It
woul d be | oss of the ability to provide transfusion
period is the problem

DR. STRATMEYER: Ckay.

DR. AUBUCHON: If | could take a slightly
di f f erent approach to answering t hat question, although
| agreewith everythingthat Ed has just said, if we were
to attenpt to replace DEHP with a non-I|eachable
pl asticizer -- TOTM we have seen the data earlier today
-- we woul d i nmedi at el y see two changes i n t he st or age of
red cells that woul d have an i npact on patients. The
first, as | showed the data earlier on this norning,
t her e woul d be about a 17 percent reduction in the nunber
of availableredcellsinaunit that had been stored for
its full storage period, 35 or presumably 42 days. And
even i n shorter storage periods, | woul d expect thereto
be asimlar declineinavailability, although somewhat
| ess at shorter storage periods. That woul d have an

i mpact primarily on chronically transfused patients, in
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t hat t hey woul d need nore frequent transfusion. For the
occasional |y transfused patient, for exanpl e a surgi cal
patient, that may not nmake a huge di fference, al thoughin
mul ti pl e transfusi on situations a pati ent under goi ng
conpl ex surgery getting six, eight or tenunits, that may
requi re themto need anot her unit. That woul d pl ace an
addi tional strainonthe bl ood supply systemat atine
when we are very concerned that in the next year, the
line of availability, whichis decreasing, andtheline
of utilization, whichis increasing, will cross. So,
therefore, there could be shortage on that basis.
Asimlar outcone woul d be shortage dueto
decreased outdate. That is, | amsure the FDA woul d
still require the same efficacy standard, that is 75
percent recovery at 24 hours after transfusion for any
I'i censed bl ood col | ecti on and st orage system That woul d
t hen necessitate, if we were to renove DEHP and repl ace
it withsonethinglike DEHTM a shorteni ng of the storage
time from42 days to 35 or possi bly even a shorter tine
period. That wouldinevitably | eadto greater outdating.
W certainly have seen that in the past that when we have
| engt hened the storage period for redcells, we were abl e
to decrease outdating and we woul d probably see the
opposi te happenif we shortened the dating period. And

that woul d al so have an adverse effect on the bl ood
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supply.

DR LUBAN. Fromthe perspective of infants,
one of the recent and probably nost current practices of
neonatol ogists is to attenpt to keep an i ndi vi dual baby
on a single unit of blood until the outdate of that
bl ood, the ef fort bei ng t o nake donor exposure as m ni nal
as possi bl e and hopeful ly, at | east for red cells, down
t o one donor exposure for the period of tine that the
baby i s bei ng supported through i atrogeni c bl ood | oss,
whichisinfact the maj or cause for nost infants needing
to be transfused. So clearly any repl acenent product
woul d have to be able to provide us with sonething
simlar towhat we have nownoved to, andinadditionto
that, we woul d | i kel y have to be repeati ng many of t he
st udi es whi ch have j ust been published on t he saf ety and
efficacy of that practice.

The ot her point | would liketo nake is that
you, i n point A discuss blood collectionkits including
tubing. And particularly for babies, the way the
transfusionis admnistered at theendis verycritical
and of tenti nes we are drawi ng bl ood up i n syri nges and
i nfusing them through different kinds of specific
i nfusi on devi ces, which have yet anot her whol e i ssue
attached to themas far as |leachability of plastics.

DR. STRATMEYER: Anybody else like to --
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DR. ORRI S: Speaki ng as a generali st here,
| was interested in the consensus fromthe norning's
di scussi ons concerning the fact that while the DEHP
provi des sone i nteresting stability and use inthe bl ood
bags andtotheredcells, it clearly | eaches fromthe
products, there seemed t o be general agreenent about
that, and | eaches inlevels that areinthe ballpark for
what sone of the studi es have docunent ed to be causi ng
probl ens inlaboratory aninmals. Based on that, | thought
the i nteresting di scussi on was actual |y howfar al ongthe
al ternatives have conme. That is what | was surprised
about. | was surprised about the Baxter presentation and
somne ot hers about howfar al ong t hey were i n devel opi ng
of alternatives. Fortunately, this questionis askedin
a rather absolute and ti ne current way, but the process
i's not such. So at | east for nyself, I amvery sti mul at ed
by the fact that there is this exploration of
al ternatives and think that that ought to proceed, so
t hat maybe we get out of the conundrumthat are currently
bei ng presented. | amsorry, Peter Oris.

DR. JACOBSON: | woul d go al ong wi t h what
peopl e wer e sayi ng that you can't i medi ately change. |
mean, the phthal ates have a hi gh degree of reliability.
But | dothink that there are alternatives that shoul d be

| ooked at. The Baxter peopl e spoke about the citrate
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pl asti ci zed bags, whi ch coul d gi ve you a 42- day st or age
inred cells, and | think this is where we should be
goi ng.

DR. SNYDER: Well, one of the concernsis
t hat you may be abl e t o change t he bag, but | just made
a little jotting here of the other parts of the
transfusi on communi ty t hat probably use pl astics that
contain DEHP. In additionto the bl ood bags, the pooling
bags, the transfer tubing, adm nistration sets, the
filters, all phoresis collection equipnment including
phot ophoresis, plasm phoresis, platelet phoresis,
| eukocyte collections, all stemcells and every bone
marrow transpl ant that i s done uses equi pment t hat has
pl asticizersinit. And| would think one wouldneedto
eval uate the suitability of storage of a variety of
t hi ngs i n these newpl asti cs whi ch may never have been
| ooked at in the oncol ogy setting as well. So it is
sonet hi ng t hat coul d t ake years and years of eval uati on.
Admttedly, if youare doing a stemcell collection, it
is not stored for 42 days because it i s usually frozen.
But again, the freezing process may require that DEHP
pl astici zed products are part of the fluid pat hway and
what ef fect does that have on | ong-termstorage and short
termand so forth. Soit is avery slippery slope as far

as you can make one change, but it is |ike washing your
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socks but nothi ng el se and you are still not cl ean unl ess
everythingis clean. That was a very bad anal ogy, but it
iswhat caneto mnd at the present tinme. Please strike
that fromthe record. Apartial cureis not what | am
heari ng everybody wants. People aretryingto get the
conpl et e over haul of the system and | don't knowif that
woul d occur in the foreseeable future.

DR. PHILLIPS: Just a couple of comments.
| think | woul d defer i ssues of transfusion practices,
obvi ously, to the transfusionists onthe panel here.
However, | think as a medi cal toxicol ogist, | think that
before we proceed to alternatives and sort of full-scale
producti on use, we obvi ously need to have a si gni fi cant
anmount nore data avail abl e, particul arly toxicol ogi c data
on peopl e when we have a product that hasn't shown
adverse effects in people. Sol think the repl acenent
products have to have a pretty darn good track record
before we nove in that direction.

DR. SHEA: | agree with that, and I would
just add inresponse toyou, Dr. Snyder, that one thing
to t hink about is the vul nerabl e popul ation. Andif we do
bel i eve that the pediatric and neonatal popul ation
represents a potentially vul nerabl e popul ati on, whi ch the
t ox studies certainly support internms of reproductive

toxicity, then you can significantly decrease exposure by
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storing the bl ood for one nonth or for five weeks in a
non-1| eachi ng container, evenif youcollect it inthe
DEHP. And then you m ght get the best of all possible
wor |l ds. You mi ght get theredcell benefits and not the
excess dose.

DR. LUBAN. |' munaware, and pl ease fill ne
inif I have m ssed it, any data that has | ooked at
sinpl e transfusion and toxicity fromsinpl e transfusion,
meani ng t opper transfusions of 10to 20 mM per kg over a
prol onged period of tinme in babies. The data to date
t hat perhaps gives sone significance is on exchange
transfusion, and | m ght add t hat exchange transf usi ons
are usual Iy done with t he freshest of bl ood t hat has been
stored for the shortest period of tinme, perhaps correctly
or incorrectly, but with the theory that one gets a
| onger invivo survival of that bloodintheinfant after
t he exchange transfusion. | alsojotted down a f ew of
t he ot her things that an exchanged transfused infant is
i kely to have ongoi ng at the sanme ti ne t hat m ght have
| eachability, whichincludes apickline, an unbili cal
artery or a venous catheter, a feeding tube and
potentially a CNS shunt cat heter, and that i nfant m ght
wel | al so be exposed to sone sort of a flexible scoping
i f the baby devel ops abdom nal di stenti on and necroti zi ng

enterocolitisis considered. Sol think we have to be
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very, very careful when we deal with the renoval of one
el ement of the systemto consider all of the other
el ements of the systemas well.

DR. AUBUCHON: |f | could add a practi cal
vi ewpoi nt fromreal ly a non-nedi cal issue, andthat is
cost. Cdearly Baxter has had t he unfortunat e experience
of puttingalot of effort i nto devel oping an alternative
plasticizer and found it going nowhere in the
mar ket pl ace. And that was at atineinthe early 1990's,
when al t hough hospitals felt put upon and bl ood centers
felt put uponinterns of the financial constraints,
| ooki ng back those were the good old days. For a
hospi tal transfusion service nowto be faced with a new
bl ood bag opportunity and a 10, 15, 20 or 30 percent
increase incost at the sanetine that it was bei ng faced
with simlar increases in cost dueto federally nmandat ed
changes in the bl ood system whether that relates to
geogr aphi c deferrals for CJDor newforns of testingto
reduce viral transmssionrisks, it isall increased cost
to the hospital and no i ncreased rei mbursenent com ng
t hrough the other end. As long as the phthal ate
pl astici zers are not perceived as areal healthrisk and
a replacenment for DEHP is seen as gilding the lily,
hospital s and bl ood centers will beentirelyunwillingto

spend any additional noney on an alternative.
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DR. ORRIS. | amreallyalittle confused as
to some of the reasoning of ny coll eagues who are
i nvolvedinthe very careful therapy for these very snal |
chil dren. You place a very hi gh prem umon the accurate
eval uati on of the drugs that you are puttingintothose
children. You place a great reliance on the FDA to
i nsi st upon a hi gh degree of security astothe effects
of those drugs and the safety of those drugs and a
vari ety of other aspects of those nedications. W are
now | ear ni ng t hat we have a conpound here that i s being
added tothose drugs insignificant quantities, sowe are
learning, andit is being added invariable quantitiesto
t hose drugs, yet there seens to be a hesitation of
pl aci ng the same criteriaonthat additive drug, if you
will, or that additive chem cal as you are pl aci ng onthe
chem calsinwhichit is being mxed. | amwonderi ng why

that is and what isthe differenceinthis equation here,

ot her than the econom c, which is obvious | would say.

DR. STRATMEYER Well, | thinkreally we are
startingtonove alittle bit into question 2 at this
point intime. So as you get ready to answer it, Dr.
Snyder, let me first put up question 2. Because | think
you are going to find that we are starting to nove in
that direction.

As it has been sai d many ti mes t oday, bl ood

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

256

cont ai ni ng DEHP and MEHP as a result of | eachi ng fromPVC
mat eri al s and enzymati c conver si on has been transfused
for over 30 years with no docunent ed adverse effectsin
humans. So t he questions that this poses are howcan the
resul ts of ani mal studi es bereconciledwth the |l ack of
document ed human ef fects, and are t here subpopul ati ons
that may be at greater risks fromexposure to DEHP in
bl ood. Again, the questionthat Dr. Oris has rai sed sort
of gets intothat whol e i ssue of your acceptingtheidea
basically that there are no docunent ed human effects, so
thereforelet's keep what we have got. Heis | believe
aski ng whet her or not you have used the sane criteriafor
DEHP as you woul d use for any substitute that you m ght
use. Is that --

DR. SNYDER: Yes. | nean | think the
concern is that for over 30 years, there hasn't been
docunent ed adverse effects -- substantive docunent ed
adverse effects. Dr. Luban, | amsure, somewhere in her
institutionthereisawall litteredw th children that
have been successfully treated by the Children's Medi cal
Center, all of whom have been exposed to these
pl asticizers and who have gone on to have probably
children of their own and soforth. It is the weight of
t hat evidence that makes us -- forgive me if | am

speaki ng for you, Naom , incorrectly -- that nakes us
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reluctant to change too qui ckly because there may be
adverse effects fromt he ot her plasticizers and ot her
products that we are not aware of yet. | think Dr.

Ander son had a sl i de whi ch trenendously i npressed ne and
which | don't remenber well enough to quoteit, but it

was sonething like abillionyear history of exposureto
pl asticizers -- was | close -- without harm Which I

t hought, based on t he nunber of transfusions given since
t he begi nning of tinme and t he nunber of peopl e and so
forth, that is avery substantial record of | ack of harm
for such alarge nunber. 1 think we woul d be derelict in
our duty if we said, yes, thereis aconcern about this
and |l et' s consi der changing. Onething | amgetting very
unconfortablew this that |ines are beingdraw and it

| ooks |ike the industry, and transfusion nedicine
speci al i sts have been consi dered by the FDAat tines to
be part of the industry although we consi der oursel ves
nore academc -- that it | ooks |ike the industry andthe
bl ood bankers are stonewal | i ng and saying it is too nuch
trouble andit is goingto cost too much and | ook at al |

the-- it isinpossibleof youtotrytochangethis. |

don't think we neanthat at all. But | thinkthereality
of thesituationis that there are cost issues, thereis
public health issues, and this shoul d be t he begi nni ng of

a very | ong, prol onged debat e and not sonet hi ng whi ch we
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should switch to, nor is it being suggested that we
switchtoit imediately. These are sone very seri ous
i ssues whi ch perhaps this neeting would be the first
clarion call that we need to reeval uate this again. |
didn't see many transfusi on nedi ci ne specialistsinall
t he public advocacy groups that were |isted, very
schol arly individuals. But | thinkthe nedical comunity
needs to play aroleas well inthis, and | amsure it
probably will in the future.

DR. SHEA: |'d just like to say that we do
have 30 years of experience, but we haven't been | ooki ng
at sone of the endpoi nts that we may be nost interested
in looking at. A lot of the early work was really
concerned wi th t he carci nogeni c properties of DEHP, and
| think the science of the reproductive toxicity is
devel opi ng and changing rapidly. | think that thisis
sort of a msleading statenent. So what | see is an
opportunity that we shouldn't m ss, whichis that we are
very | i kel y going to continue to expose very sick infants
or maybe not so sick i nfants who j ust need repl acenent 10
cc's per kilo every other day to DEHP. W can neasure
that and we can follow their reproductive and ot her
out cones and do | ovel y studi es, because we are al ready
foll owi ng t hose ki ds anyway. And just sort of add t hat

to the mx. | have read extensively and | ooked for
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followup studies, andyoufindalittle bit of human
exposur e data and no | ong-termfol | ow ups i n babies or in
henodi al ysi s patients or any of the multiply transfused
patients. There is al ways t he conplication of sick peopl e
have | ot s of bad out cones, but we are not even | ooki ng.
Sol thinkthat thisis areally wonderful opportunityto
start | ooking.

DR. JACOBSON: |'d liketo say that when we
undertook the primte transfusion study and first
eval uated al | these transfusion studi es so we woul d know
t he dosage to gi ve t he nonkeys, we found t hat after 32
nmont hs at necropsy that we still had abnormal hi st ol ogy
intheselivers. Even though we did not see any ot her
acute effects, wedidstill findthisremaining. Andwe
went and | ooked at some of our patients that were on
henmodi al ysi s, and we found t hat many of themhad Ii ver
di sease. It was not due to hepatitis Bor non-Aor non-
B. Wereally don't knowwhat it was due to. But you do
see sone of this and you begin to wonder is there DEHP
inplication in this.

DR. STRATMEYER: Dr. Luban?

DR. LUBAN: Yes. There are sone patient
gr oups that we have not nentioned that sort of goesto a
littlebit of 2B. Sol will junp ahead if that is okay.

DR. STRATMEYER: Pl ease.
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DR. LUBAN: And it also addresses alittle
bit of what May stated, and that is sickle cell disease
patients, who are oftenintermttently transfused and i f
they have had a stroke or had sonme secondary
conplications are chronically transfused. Al so
t hal asseni ¢ pati ents who depend upon transfusion for
their lives. These individuals often have significant
I'iver di sease and t her e has been hepat ocel | ul ar carci noma
reportedin heavily transfused thal assem c patients.
However, | think one needs to be very careful when
| ooki ng at that popul ati on as a study popul ati on because
of iron overl oad and hydroxyl radi cal formati on as wel |
as potential concomtant viral hepatitis. But certainly
the hepatitides that have been reported in that
popul ati on, some of whi ch have been expl ai ned and sone of
whi ch have not been explained, it does provide an
opportunity for a patient group that is probably very
wort h of study.

DR. STRATMEYER: |s one of the reasons why
t he | ack of | ong-termepi den ol ogi ¢ studi es because of
t he probl emof confoundi ng factors because so many of
t hese peopl e are -- agai n, as sonebody sai d, t hese peopl e
are al ready sick? |Is that one of the reasons why we see
so few of these type of studies?

DR. LUBAN. Actually, I thinkit isthat NIH
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hasn't funded them

DR STRATMEYER Do we have anybody fromN H
her e?

DR. LUBAN. Now there is about to be a
t hal assem a network that i s goi ng to be funded by NHLBI,
and per haps FDA needs to get toget her with NHLBI and see
i f one of the nmany out cone vari abl es that i s goingto be
studied in that populationis not in fact plasticizer
toxicity. It would provide auni que opportunity andit
is already sort of a set aside fund. There are al so
si ckl e cel | disease centers that are funded by NHLBI, and
one of the many mul ti-institutional clinical studies that
coul d be concei vably constructed i s one in which one
woul d eval uate, again, plasticizer toxicity in that
popul ation -- again, already partially funded. So you are
not re-inventing the wheel.

Thereis athird popul ati on that we haven't
mentioned at all, which is very critical and very
vul nerabl e froma nunber of different perspectives, and
nore of ten t han not transfused now, and that is fetuses
who ar e under goi ng transfusi on for henol ytic di sease of
t he newborn. There is nolong-termoutcone data on t hat
popul ation as a whole, and it is clearly vul nerable
because you can't get rmuch nore prenature t han bei ng a

fetus. That is a popul ation that perhaps al so coul d be
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st udi ed.

DR. PHILLIPS: | just want to back up a
little bit and address Dr. Oris's conmments about
shouldn't we address DEHP simlarly to other
phar macol ogi c agents that we use. | think certainly as
a toxicol ogi st, we consider all elenents that are in
soneone. We don't necessarily | abel themdrug/chem cal
subst ance, DEHP or whatever. Achem cal is a chem cal.
It doesn't matter whether yousell it with atrade nane
or not.

DR. STRATMEYER: Excuse ne. Coul d you get
cl oser to the mcrophone? | think people are having
troubl e hearing you.

DR. PHI LLIPS: Okay. Can you hear nme now?
| think the issue of potential chem cal/chem cal
interaction, if youwl!l, or drug/chem cal interaction or
subst ance/ subst ance i nteraction i s obvi ously an i nport ant
point that Dr. Oris raised. | think, however, our
clinical experienceis that we haven't seen anyt hing. So
al though | thinkit is aninportant point, after decades
of use we shoul d have seen sonet hi ng by now. | nmean nost
i nportant drug/druginteractions don't take decades to
identify.

Speaking on point nunber 1, | think

obvi ously a crucial point toxicologicallyisthat it is
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really the dose that determ nes the degree of toxicity.
And very hi gh dose studi es in aninmals are not the sane
thingasclinicallyrelevant doses. | think that is one
aspect of howwe canreconcilethisissue. Qher issues
are inherent properties of the substance, the
phar macoki netics of or al ver sus par ent er al
admnistration, theroute of admnistration|likew se, and
susceptibility of the host that is receiving the
subst ance, whether it be animl or primte human or
whatever youw I |l. | think those are inportant pointsto
| ook at. And | think that is perhaps why we haven't seen
sone of the effects in humans i s dose and sone of the
ot her pharmacoki netic issues.

DR. SHEA: | just wanted to address your
guesti on about why t hi s hasn't been |l ookedat. | hateto
bur st your bubbl e, but not very many cliniciansreally --
maybe we were di stracted by the H V epidem ¢, but this
has fallen of f the radar screen. And just as a sort of
natural experinent, | talkedto afewof ny coll eagues at
UNC and t he head of nephrol ogy doesn't worry about this,
t he head nurseinthe adult dialysis unit doesn't worry
about, the NICU attendings that | tal ked about don't
worry about this. The only people I could find who
worried about it were the IV pharmaci sts, and sone of

t hemdo and sone of themdon't. Sol thinkit isjust an
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i ssue of educati on and awar eness. And part of that, |
t hi nk, derives from the over-concentration on the
carci nogeni ¢c endpoints and the failure to | ook at the
ot her endpoints, which we are now beginning to
appreci at e.

DR. PHILLIPS: Yes, |I'd haveto agreewth
you. M appointnent isinthe departnent of pharnacol ogy
and t oxi col ogy, soinfact amthe preacher nost of the
ti me about ADRs and drug i nteractions. And so you are
right. Frequently it is overlooked but | thinkit is
over | ooked because it doesn't seemto be anissue. So
peopl e have probably noved on | suspect.

DR. ORRIS: If I mght also-- 1 think you
shoul dn' t be so harsh on yoursel f or our col | eagues. If
| mght tell youalittle story fromny end of the worl d,
envi ronnment al and occupational toxicology, if youwlI.
By t he way, a poi nt on toxicol ogy -- we only started our
programof trainingtoxicologistsinthe md-1980"s, by
the way. So there is recent attention to this whole
area. | would only tell you the story that several
t housand years ago the Roman Enpire fell. It was all eged
that this was related to | ead poi soni ng. Sorewhat | ater,
| went to nedi cal school andinthe early 1970's | was
taught in nmedi cal school that wereally didn't haveto

wor ry about | ead poi soningin children and adul ts unl ess
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you got tothe 60| evel or 70 | evel or unl ess they were
seizingor incom. Inthetinesincel was in nmedica

school until today, we nowunderstand t he t oxi col ogic
i mportance of | ead, especially inthe devel opi ng brai n.
We are nowat a position where we don't quite understand
howto identify a NOAEL | evel related to that, and we are
concernedinchildren at levels at 5, 6, 10, 15inthis
area. So | can only tell you that that is just one
exanpl e. Asbestos is another. The fact that it hasn't
becone gl aringly apparent to clinicians that work within
a clinical paradi gmof individual patients of the kind of
subtle effects that we are looking at with these
endocrine disruptersinthelast 20 or 30 years shoul d
not give any of us cause for conplacency. This is
sonet hi ng we are begi nning to understand and we are
| ooking at now, and | think it is awonderful opportunity
t o begi nto nake assessnents t hat we have not been abl e
to make before.

DR. SHEA: And we are just getting to the
reproductive age of the kids who were exposed.

DR STRATMEYER Ckay. Maybe we can nove on
tothethird question. And this is one that should be
interesting to try to answer, | guess. What is the
si gni fi cance of DEHP exposure fromthe t herapeuti c use of

medi cal products such as bl ood bags when conpared to
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conti nuous or w despread envi ronnent al exposure. Anybody
have the data?

DR PH LLIPS: Wwell, I guess, Dr. Oris and
| haveto bitethe bullet onthis oneandtry to answer
it. Itisaverydifficult questionto answer. You are
obvi ously not conparing apples with apples. One is
ei ther short-termhi gh dose exposure to DEHP, for exanpl e
fromECMOt her apy, versus chronic | ow dose exposure from
everyday aspects of air, water and food. Though the
envi ronnental exposures from those nedia my in a
lifetime adduptonmoremlligrans, it is not necessarily
the sane thing as a total peak concentration, if you
will. Andit is very difficult to conpare apples and
applies. | thinkit is basically an unanswerabl e questi on
fromthat standpoint.

DR. ORRIS: | findit hardto bal ance risk
of one exposure versus anot her when we are dealingin one
area. The sane thingis saidfrequently about asbestos
and nesot hel i ona frequently, andthat is, gee, we are al |
exposed toit. It is soubiquitous. W dofindit in
our sputum We do find it around and in industri al
cities as we wal k around. That doesn't nean we don't want
to make sure that there is not airborne asbestos in
school s and i n ot her | ocati ons i n whi ch popul ati ons are

at particular risk. | thinkthisis asimlar kind of
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di scussion. That is, we don't want to add to the ri sk,
ifitisthere, whenthere are alternatives or when we
coul d put our mndto alternatives that do not contain
t hat risk.

The ot her point, | think, that I don't want
tolose fromthe day -- and | knowit is not particularly
rel evant, but once agai n as soneone concerned with the
general environnmental burden of these materials, it would
be rem ss for me not to nention that the reason at | east
sonme of us who are nore general ly concerned about the
environment becane concerned about the particular
appl i cati on and t he pht hal ates i nvol ved i n PVC pl asti c
was fromthe original difficulty with respect to PVC
pl astic andits conbustion and as a chl ori ne donor to the
devel opnent of dioxins in general and that burden
toxi cologically onthe gl obe today. And |l thinkit is
i nportant that that issue -- that we don't | ose that
issue in the particular discussion as well on the
pht hal at es.

DR SHEA: | guess | woul d just add that the
envi ronnment al exposures are estimted to be several
orders of magnitude | ower. They tend to be nore oral,
because food i s the maj or environnental exposure. In
children, they are di sproportionately | arge accordingto

sone of the anal yses conpared to adul ts because diets are
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different. Indoor air is also asource, whichis very
poor |y studi ed, but the studi es showthat it can be sort
of the second greatest exposure source. It is an
i nhal ation. Again, it is probably di sproportionately
[ arge in children because of their higher ventilati on and
their different activity levels. The nmedi cal exposures
arelV, andthat isvery difficult toreconcil e because
we are i nfusi ng not only DEHP but the maj or netabolite,
MEHP, every tinme we i nfuse bl ood. So we may bypass a | ot
of thetransformationinthe gut, but we are still giving
the primary nmetabolite, which is generated in storage.
DR. PHI LLIPS: | think onethingwe have to
keep i n mi nd, and maybe as clini ci ans we sort of needto
pat oursel ves onthe back up herealittle bit, and that
isinthe bigpicture of healthcare, we knowthat life
expect ancy has never been longer thanit is currently.
We knowt hat deat h rates have never been | ower. W know
that fertility really hasn't changed. Cancer death rates
are not increasing. | think sonmething we have been doi ng
inthelast -- certainlythelifecentury whenthelife
expect ancy has al nost doubl ed -- sonet hi ng we ar e doi ng
seens right, something we are doing seenms right. Soif
not hi ng el se, | want to at | east congratul at e our sel ves
up here today. W seemto be doing something right.

DR. AUBUCHON: But all of us wuldliketo
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do it yet better.

DR. STRATMEYER: Let ne nove on. W have
al ready goneintoquestion4alittlebit or touched on
it. Let neget intoquestion4. Isthere aneedtol ook
for adverse effects or the | ack of adverse effects in
humans that are chronically transfused with bl ood
products prepared and stored i n PVC DEHP bags? Hereis
a big, boy. How could such a study be desi gned and
conducted in a way to provi de neani ngful data? Wbul d
significant data be generated by nonitoringthe health
status of chronically transfused pati ents and conpari ng
this to the health of the general popul ation? Could
nmeani ngf ul dat a be obt ai ned fromnornal, heal t hy donors
of phoresis products, plasma or platel ets who frequently
donateuptotwotothreetines aweek for years and are
exposed to smal |l amobunts of DEHP fromthe collection
procedure? However, these individuals do not have
under | yi ng nmedi cal problens and their | evel of DEHP
exposure fromeach procedure is small. Wat woul d be t he
appropriate clinical endpoi nt of these studi es? Boy,
thereisanmuthful. | will turnit over to our experts
here. W have peopl e who have done a | ot of clinical
research, 1 think.

DR. AUBUCHON. | think Dr. Luban has al r eady

addr essed sone of these issues.
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DR. STRATMEYER: Yes, she has.

DR AUBUCHON A federally-funded programis
an absol ute necessity, | think, to get anywhere. But
even with a | ot of federal noney, this is still an
enor nous undertaki ng. Because individuals who are
t ransfused, particularly individuals who are chronically
transfused, are sick peopl e and t hey do not have nor nal
|'i fespans. They do not have normal functions in a nunber
of different systenms totally wunrelated to the
transfusi ons they have been receiving. This kind of
study woul d require, in my opinion, conparison of a
control group that was sim |l arly exposed but possi bly not
to pht hal ate pl asti ci zers, whi ch woul d be very difficult
to do currently in our current formof transfusion
service delivery. So |l amnot quite ready to stand up
and give you a five-mnute oral presentation onthe grant
proposal | amabout to submt onthis. Becauseit would
be about a five-hour presentation, | think, evenif I did
have it put together, whichl don't. Thisis goingto be
an enornous study totry to tease out what i s the effect
of being transfused and chronically exposed to
al | oanti gens and excess iron and a nunber of other
factors in additionto beingexposedto chem cals that
are present in high concentration in blood bags.

DR. SHEA: We have alittle bit of a nodel,
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t hough, in Dr. Karle's study where she used the
venti |l ator babi es as the controls for t he ECMO babi es.
And | think there are -- if were to enploy sort of a
multi-center trial approach, we coul d maybe do sone very
creative things and get maybe not perfect i nformation,
but a whol e | ot nore than we have now. And | say agai n,
since we are exposi ng these chil dren, we can neasure the
exposures and fol l owoutcones. | think that it woul d be
alot of work and would require anulti-center approach,
but I think that it is worth doing.

DR. STRATMEYER: The heparin-coated --

DR. SHEA: Well, she used -- well, the
hepari n-coated circuits were not usedinvivo, | don't
believe. Sheis still here, soshecancorrect neif | am
wrong. But she conpared -- she took very si ck ki ds and
the ones who were just alittle bit sicker and coul dn't
be oxygenat ed using a ventil ator, she put on ECMO and
nmeasur ed -- and used t he al nost - as-si ck ki ds as controls.
So they are still very sick and they still had all the
ot her exposures. The one that youforgot isinter-Iipid,
which is a big one. Because it is run froma gl ass
bottle, but it runs through PVCtubing, andin babies it
goes through very slowy. It just sort of sitsinthe
tube and dripsinvery slowy, and | woul d be stunned i f

DEHP wasn't getting in there.
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DR. LUBAN: Well, | agree. | thinkamulti-
institutional study, which m ght require about a year-
and-a-half to put together could certainly be put
together. | would alsoliketo addthat thereis an ECMO
registry of adverse outconme. However, it is not a
registry that is utilizable for purposes of answeringthe
guestions that have been rai sed today, because it is
acut e out cone and not | ong-termadverse outcone. Onthe
other hand, this is a relatively small group of
i nvestigators who do neet regul arly and potentially coul d
put together alongitudinal registryif people thought
that that was a useful use of noney.

DR. JACOBSON: Just a commrent on t he ECMO.
| knowthat Dr. Karle's study and Dr. Schnei der's st udy
had di f ferent dosages. But the fact that Dr. Schnei der
at a very high dosage of DEHP cal cul ated that -- saw
jaundice in sone of these infants, that maybe it is
telling us sonmethingthat thereis some kind of dosage
relati onship here and t hat naybe we shoul d be | ooki ng
further by doing this type of study.

DR. ORRIS: If | couldintroduce a couple
nor e conplications to study designonthis. Wat we know
about sone of these ot her endocrine di srupti ng chem cal s,
speci fically sonme of the pol ychl ori nat ed bi phenol s, is

that the particular vulnerable period is fetal
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devel opnent. The particul ar sensitive endpoi nt may wel |

be di ff use neurot oxi c ef fects nani f est ed by behavi or al

changes or learning ability, et cetera. Having said
that, | would only throw in that sone of these
popul ati ons may not be t he best to study for those ki nds
of sensitive endpoints or for the period of exposure. |

amnot agai nst any of t he studi es t hat have been poi nt ed
out, but I would certainly hope that soneone woul d begi n
to explore the possibilities of |Vusage during pregnancy
and long-term review of the diffuse neurotoxic
possibilities here.

DR. STRATMEYER: Ckay. Let ne nove on to
gquestion 5, because | would |like to open it upto the
audi ence real soon. Again, we have al ready di scussed
around this question quite a bit, but if anybody has
sonething else to add, let's doit. Has the current
practice of transfusion nedicineresultedinchangesin
t he dose of DEHP that patients would receive froma
transfusion of bl ood products?

DR. AUBUCHON: | can think of two things.
One that | nentioned this norning, andthat is the shift,
which | thinkis pretty much universal inthis country,
away frompacked cell s to additive systemred cel | s has
resultedinareduction dosage of i nfused DEHP by about

50 percent withretenti on or possi bly potentiation of the
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beneficial DEHP ef fect by concentrating the DEHP nore i n
the red cells. So that would be the good news.

On t he ot her hand, a potenti al downsi de of
the practice that Dr. Luban nentioned a m nute ago, which
al so seens to be quite universal, and that is dedicating
one unit of bl ood to an individual neonatal recipient
over theentire potentially 42 days of that unit for the
time that that individual needs transfusion support m ght
have resul ted i nincreasi ng anmounts of DEHP provi ded to
t hat patient.

Because i n t he past, we woul d take a freshly
col l ected unit of blood and split it anongst four or five
satellite bags and transfuse all of those mni-units
shortly or wwthin afewdays after coll ection before a
| ot of DEHP accumul ati on, and t hen t he next day possi bly
expose the infant to yet another donor, but wth
relatively little DEHP. Nownmnaintaining the unit for six
weeks and giving it toonerecipient repetitively through
steril e connecting devi ces reduces donor exposures but
may have actually increased DEHP exposure. True?

DR. LUBAN: Possibly. Not studied but
possi ble. | guess the other issueisirradiation, which
we have not touched base on. W do knowthat irradiation
somehowor other alters red cell nenbrane, but that has

been a very, very poorly studi ed area. W don't exactly
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know how or why. And | don't know what effect
irradiation m ght have on increased or decreased
| eachi ng.

DR. STRATMEYER: Okay. Anybody el se?

DR. JACOBSON: | don't think there is any
effect on the | eaching with irradiation.

DR. SHEA: | was curi ous about irradiation
too. Because we know heat increases it and we know
agitationincreases it and we knowtineincreasesit and
we know | ipid content increases it. | haven't seen

anyt hi ng about irradiati on. Maybe the people in the

i ndustry can tell us if there have been sonme studies.

DR. STRATMEYER: Anybody in the audi ence?

DR. SHEA: | have to tell you just a funny
story. When | finished ny residency in 1981, we were
still givinglivingdonor transfusions to our babies. In
ot her words, the pediatric residents woul d go get typed
agai nst a baby and t hen when a baby needed bl ood, we
woul d draw 10 cc' s out of our vein and pushit right into
t he baby through afilter. Sothere was very little DEHP
exposure, but there were al ot of other exposures that
are no | onger acceptable. So things have changed i n 30
years.

DR. STRATMEYER: Ckay. | guess we can open

it upto the audi ence now. Do we have any questions for
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t he panel ?

MR. BROWN: | know peopl e are anxious to
| eave, but | wll ask just two.

DR. STRATMEYER: State your nanme and --

MR. BROWN: Ron Brown, FDA. Thank you for
rem ndi ng me. Actually a questionfor Dr. Shea and Dr.
Luban. We had heard earlier Dr. Snyder tell us about
decreased pl atel et aggregatability, at | east invitro,
and t hat doesn't necessarily seemto carry over for in
vivo studi es. However, as | understandit, intercranial
bl eeding is one of the major conplications for ECMO
t her apy, probably rel ated to the heparini zation of the
patient primarily. But do you think the potential exists
for a synergistic effect to occur between DEHP and
heparinin potentiatingintercranial bleedinginthese
patients?

DR. LUBAN: | have no idea. | mean, the
i nci dence of intercranial henorrhage in prematuresis
multifactorial. It certainly is exaggerated in ECMO
i nfants, who usual |y are not premature, by t he way, when
they are put on because of the very high risk of
i ntercrani al henorrhage. Certainly heparinis one part
of it, platelet dysfunctionis another, | owcoagul ation
factor secondary to decreased hepatic synthesis athird.

Ther e are any nunber of reasons as wel | as anat om cal and
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devel opnental reasons why babi es have intercranial
henor r hage, and obviously it is sonethingthat we woul d
like to avoid at all cost.

DR. SHEA: Just from this norning's
presentation-- didn't Dr. Snyder and a nunber of ot her
peopl e point out that we get really nice bunps and
bl eedi ng stops with platel et transfusions evenw ththe
kind of loss of |ife and | oss of aggregation or extra
aggregation in vitro?

MR. BROWN: True. And | think I was just
following on a theme that had been rai sed by other
guestioners interns of a potential synergistic effect
bet ween drugs adm ni stered t herapeutically and t hen
i ncidental effect of the phthal ates. The second questi on
| had -- this nmorninginnmny presentation | had attenpted
to go t hrough t he t hought process of the things that we
wer e consi dering as we | ook at Dr. Jacobson's study from
a regul atory perspective. | just wanted to ask Dr.
Jacobson i f she had anyt hi ng t o add or any advi ce t hat
she could givethe FDAinterns of interpretation of her
results.

DR. JACOBSON: It's a wonderful study. W
shoul d do another one. | think overall the study in
itself is very interesting because of the way it was

done. | knowthe nunbers are very small, but the fact
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t hat we used pl asnma and pl at el ets fromdonor nonkeys t hat
wer e col | ected and pl aced i nt o bags wi t h pht hal ate, you
know r egul ar DEHP bags. We had bags wi t h pol yet hyl ene
and t hose t hat were not transfused, and t hen | ooked at
the liver paraneters and used very sensitivetests. W
used sol ubilized DEHP. |t was done exactly t he way we
woul d transfuse children at our hospital.

And the fact that we did see the abnor mal
i ver histol ogy and sone abnormal |ive BSP and cl ear ance
tests and technetium scans | think is telling us
sonet hing is there. And t he doses were very, very | owand
this persisted for 32 nonths after we stopped
transfusions, we did see these abnormalities. | think
t hat one shoul d | ook at this and t hi nk about t hat maybe
-- 1l realizeit is not human, but it is as cl ose as we
coul d get. It was physiological and | think that we have
t o thi nk about what isthis studytellingus. | thinkit
isarelevant study. | thinkit istellingus that maybe
we shoul d think about alternatives.

DR. MRIPOL: | mght raise a question or
t wo.

DR. STRATMEYER: Coul d you st ate your nane?

DR. MRIPOL: Jeff Mripol from Teruno.

DR. STRATMEYER: Thank you.

DR. M RI POL: Dr. Oris, | ama little
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surprised, | guess -- maybe you arefairly newtothis
area. Thisis an area that has been di scussed nowfor 25
or 27 years actually, and it strikes ne that we have
di scussed over 25 years at vari ous conferences i ssues
about DEHP anditstoxicity andits extractionandits
excretionandits kinetics, et cetera. And, May, as you
know, your study was done many years ago

-- about 25 years ago.

DR. JACOBSON: That is right.

DR. M RI POL: And there was obviously
critiques of it at that time and there certainlyis sone
concerns about it now. | amalittle concernedthat we
are not | ooking at sonme of these issues naybe with
"noder n" techni ques or nore recent advances, if youwll,
both in nmethods that are both analytical and
experimental .

Again, it was a very small study and it
troubl es ne that we ki nd of keep tal ki ng about it and
other studieslikeit as well as studies that have used
DEHP i n i nappropri ate nedia. Again, | would critique
sonme of the comments earlier when we are giving al ot of
credence interns of effects of toxicology fromstudies
done in the early 1970's, when DEHP was gi ven neat or
DEHP was gi venin al cohol. | think they meanvery little

interms of the real clinical effects. Wiy don't we
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reproduce sone of these studies in nodern day fashion
wi th appropriate nmet hods. You know, we have been tal ki ng
about this stuff for 25 years.

And frankly speaki ng froma manuf act uri ng
standpoi nt, we have |ooked at |ots of different
mat eri als. Sone of these newnaterials probably needto
be studied in as extensive a formas DEHP has been
studi ed and t hey have not been. So why don't we ki nd of
i ke nove forward and actual ly | ook at sone of these
studies in anore nodern fashion and stopreferringto
frankly ol d studi es whi ch wer e probably done not inthe
proper fashi on.

DR. STRATMEYER: COkay. Thank you.

DR. ORRIS: | amnot clear if that was a
response about the Roman Enpire or not. Let me just say
t hat com ng froma broader public heal th perspective and
| ooking at this nore recently, | hope that we will --
t hose of us froma broader heal th perspective will be
abletostimulate theinterest that will secure sone of
t he studi es that you proj ected 25 years ago, as we have
heard about today, to try to answer sone of these
gquestions that need to be answered. And | amvery
hopeful of that increased attentionw || nove us in that
di recti on.

DR. STRATMEYER: Any ot her questions? |If
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not, I'"dlike to thank all the panelists. | wll now
turn the show over to our host, Dr. Vostal.

CHAI RMAN VOSTAL.: Well, | have the
opportunity to provide a cl osing statenent. First of
all, I wouldliketosay that we at FDAreal | y appreci ate
the efforts that t he speakers and t he panel di scussants
have put forth to help us out with this difficult
deci si on. We are going to be working on this
continually, and | would like totell you at |east a
little bit about where we stand and what our thinkingis.

Vell, I'"dliketo point out that the Center
for Biologicsis not goingto be maki ng any deci sions in
a vacuum We have contacts with our sister agencies --
Center for Drugs, Center for Devices and Center for
Foods. AlIl these agenci es have products that have
pl asticizer i ssues with themand we are i n di scussi ons
with them and how they are dealing with their areas.

W al so have i nt eragency i nt erest groups at
NI EHS, the NI CTR, Center for Toxicol ogy, Center for
Publ i c Safety, and Center for D seases. They al so have
pl astici zer i ssues and toxicities and they are hel pi ng us
ininterpreting our problens. And together with the
Center for Devices, | think that this workshop has been
one of theinitial steps for usto take to anal yze what

the current thinkingis interns of plasticizers and
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bl ood conponent collection and storage.

Nowt he reason we have focused t hi s wor kshop
on bl ood col | ecti on sets and bl ood conponents is that the
Center for Biologics and Ofice of Bl ood has regul atory
responsi bility for these products, and that is the bl ood
col l ection sets, thetubing, the filter housings, bl ood
conponent storage bags for red cells, platelets and
pl asma, and al so for the anti coagul ant bags. Thereis
ot her issues that concern pl asticizers, but we are tryi ng
to focus it, at |least for our perspective, on bl ood
st orage and transfusion.

Now the CBER position on evaluating
pl asticizers. O course, our primary concern is for
bl ood product safety and effi cacy. W believe that the
current bl ood storage materi al s on the nmarkets have been
extensively studied and do have a long track record.

However, fromwhat we are hearing here,
there are i ssues that coul d be studi ed further. There
may be problens that we have not | ooked at or not
i nvestigated, especially fromthe areas that we have
heard about today in ternms of reproductive toxicol ogy.

The process that we are doing in terns of
eval uati ng what i s being used on the market is we are
continuously collecting dataontoxicity asit becones

avail able. And that is why we are very interested in
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these ri sks assessnents that are goi ng on and i nt he new
studi es that are com ng down the line that we will be
abl e to | ook at and make further assessnent in terns of
human ri sk. We do encourage researchinto alternative
pl asticizers. There coul d be -- since there are potenti al
underlying toxicity issues, this will be a way of
decreasing or getting around thosetoxicity issues. And
also as a benefit, mybe we will be able to find
al ternative plasticizers or products that can extend t he
efficacy of cell storage.

However, the down si de of switchingto a new
pl asticizer material is that we need to have these
t horoughly investigated for both acute and chronic
toxicity and also for their efficacy to store bl ood
products. So as has been nentioned a nunber of tines
today, we don't want to switch fromone well-studied
material to one that is | ess studied which may have
hi dden toxicity we are not aware of.

In ternms of when new products or new
mat eri al s bei ng avai | abl e, we have certain gui deli nes
t hat we have nade avail abl e for the publicto be ableto
foll owour thinkinginternms of being ableto eval uate
t hese products. The one that we are working on currently
is the guideline on the content of non-clinical

toxicology in clinical sections for applications
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i nvol ving bl ood contact materials. This is being
reviewed in-house and we hope that it will becone
avail abl e shortly. Aguidelinethat is already out there
is for platelets and it is for platelet testing and
eval uation of platelet substitute products.

Thi s was publishedthis year andit is out
for cooment. It sort of tells -- it isaguidelineto
gi ve an i dea of what ki nd of pl atel et studi es we woul d be
| ooking at if a newstorage systemwas i ntroduced. And
addition of at |least this guideline and additional
gui del i nes as t hey becone avai | abl e can be obt ai ned at
this CBER site.

So like I was saying -- let nme also
i ntroduce to you t he wor kshop pl anni ng comm ttee. These
peopl e have been very i nvol ved for along period of tine
and have provided tireless effort in getting this
wor kshop on t he way. You have net sone of themal r eady.
They are Dr. Mondoro, Brenda Shafer, Betsy Poi ndexter,
Sukza Hwangbo, and Joel Wl czek fromthe Center of
Bi ol ogi cs.

Fromt he Center of Devices, we have Dr. Mel
Strat neyer and Ron Brown, and we have been fortunate
enough to be ableto get helpfromGary Moroff fromthe
Amer i can Red Cross, who has gi ven us a great historical

per spective, both on plasticizers andin cellular blood
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storage materi al s.

Wth that, | would just like totell you
t hat we appreci ate all the di scussi onthat was goi ng on
today. W are going to take alook at the transcripts
andtry tonmake a-- try to see whi ch areas need further
i nvestigations and addressing. W ook forward to
working with you in the future on this issue.

Thank you very nuch.

(Wher eupon, at 6:23 p.m, the workshop was

concl uded.)
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